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Preface 

In teaching practical organic chemistry we have 
found the want of a convenient text-book dealing 
with the identification of simple organic compounds, 
such as is required by students working for the Inter- 
mediate and Final (Branch d) Examinations of the 
Institute of Chemistry. Moreover, many of the 
reactions and physical constants are not easily acces- 
sible, but are only to be obtained by a diUgent and 
often tedious search through some of the larger books 
of reference. 

In this small volume we have endeavoured to 
bring together in a convenient form the principal 
reactions and physical constants of the most import- 
ant organic substances. Our aim has been to elimin- 
ate, as far as possible, guess-work on the part of the 
student, and to provide him with methods by which 
he can readily detect the more important groups in 
the compound, assign it to its class, and then com- 
plete its identification by referring to the section 
dealing with the class to which it belongs. Wherever 
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iv . PREFACE 

possible, an easily prepared derivative is described 1 

under each compound. 

In many cases descriptions of operations are brief, 
as we assume that the student has already attended 
lectures on Organic Chemistry and worked through 
a satisfactory course of Preparations. 

The scheme adopted in this book having given 
satisfactory results in the laboratories of this College, 
we now venture to give it wider publicity. 

We are deeply indebted to Professor G. G. Hen- 
derson for the interest he has taken in the work, and 
for a number of valuable suggestions. 

G. B. N. 

I. M. H. 

Glasgow, 

A'pril, 1911. 
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I. PRELIMINARY TESTS. 

1. Organic compounds are often characterized 
by their appearance and smell, and the experienced 
student may frequently be able to classify and in 
some cases to identify a substance by means of these 
physical properties. 

Colour is generally induced in a compound by the 
presence of the following common groups : — 

(a) Nitro group. The compoimd is then gener- 
ally yellow. 

(b) Nitroso group . The compoimd in the fused 
state or in solution (if monomolecular) is blue to 
green in colour. 

(c) Azo group and other such related groups. 
The compound is generally highly coloured. 

(d) Compounds having a quinonoid structure are 
usually strongly coloured. The common quinones 
are all deep yellow. 

2. If the substance is a solid^ a small quantity is 
heated on platinum foil and the changes which occur 
are carefully noted. 

(a) A sooty flame indicates a high percentage of 
carbon in the substance. The compound is then 
probably one of the aromatic series. 
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2 THE IDENTIFICATION OF 

(6) An incombustible residue indicates the pres- 
ence of a metal or some inorganic matter^in the 
compound, which is then tested for in the usual 
manner. 

It must be remembered, however, that the metals 
Mercury and Arsenic, likewise Ammonium salts, ai:e 
volatile. 

3. The solubility of the substance in water is 
tested. 

(a) With the exception of certain salts, substances 
containing hydroxyl radicles usually dissolve. 

(6) The following classes of compounds are also 
generally soluble : — ^Lower alcohols, aldehydes, 
ketones, monobasic acids, polybasic acids, substi- 
tuted acids, carbohydrates (except starch and 
cellulose), lower amines and amides, urea and its 
homologues, thioureas, cyanates, aU^l sulphates. 

(c) The solution is tested with litmus. 

(i) An acid reaction indicates the presence of a 
carboxyl or sulphonic groUp in the substance. A 
salt of a weak base would be hydrolytically dissoci- 
ated in dilute solution with a resulting acid reaction. 

Acid chlorides are rapidly, acid anhydrides slowly, 
decomposed by water, especiaUy on warming. 

(ii) An alkaiine rmction usually indicates the 
presence of a free base. 

4. A small quantity of the substance (about 
0*25 gram) is heated with a large excess of soda-lime 
in a hard glass test-tube fitted with a cork and a 
short right-angled delivery tube. 
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• (a) Many nitrogen compounds evolve ammonia. 
An amine is liberated from an amine salt. 

(6) Formates are decomposed with evolution of 
hydrogen. 

(c) Hydrocarbons are produced from carboxy 
acids or their salts. 

(d) Phenols are formed from hydroxy aromatic 
acids or their salts. 

(e) A smell of burnt sugar is observed from carbo- 
hydrates, glucosides and many higher acids such as 
citric acid, tartaric acid, malic acid, tannic acid 
and gallic acid. 

6. The substance is warmed with concentrated 
caustic soda solution. • 

(a) Ammonia is evolved from ammonium salts ^ 
amides, and imides. 

(6) Amines are liberated from their salts. The 
lower aliphatic amines have characteristic ammonia- 
cal fishy odours and are inflammabte. The aromatic 
amines are insoluble oik or solids. 

(c) Acetyl derivatives of amines are decomposed, 
Jiberating the free amine. The decomposition is 
only ^ccomphshed by prolonged heating. 

(d) Esters are slowly hydrolysed with liberation 
of the alcohol. The .vapours of the lower alcohols 
are inflammable. The pleasant characteristic odour 
of the ester disappears. 

(e) Acids, phenols and nitrophenols dissolve with 
formation of a salt. The nitrophenols give red or 
yellow solutions, 

(/) Alkaloids are precipitated from solutions of 
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their salts. Morphine is only slowly precipitated 
from a solution of its salt and is readily soluble in 
excess of the reagent. 

(gr) Aliphatic aldehydes, with the exception of 
formaldehyde, are converted into resins. 

(h) Solutions of glucose and lactose are turned 
brown. . 

6. Dilute sodium carbonate solution is added to 
a small quantity of the substance contained in a 
test-tube, and the mixture is gently warmed. 
Acids, chlorophenols, nitrophenols and polyhydrio 
phenols readily dissolve. Monohydrio phenols are 
insoluble. 

7. In order to ascertain if the substance is a 
saturated or unsaturated compound, a small quan- 
tity is dissolved in chloroform or in some suit- 
able solvent having no action on bromine and a 
dilute solution of bromine in the same solvent is 
added, drop by drop. If the bromine is instantly 
decolourized without a simultaneous evolution of 
hydrobromic acid, the presence of a double or treble 
bond is shown, the substance being unsaturated. 



II. TESTS FOR THE ELEMENTS. 

Oxygen cannot be detected by any direct test, and 
the indications of its presence in a substance must 
be inferred from the foregoing experiments. 
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ORGANIC COMPOUNDS 5 

It is not generally necessary to make any special 
tests for Carbon and Hydrogen. 

The presence of Nitr(%en in an organic substance 
is indicated by heating a small quantity of the com- 
pound in a hard glass test-tube with excess of soda- 
lime. If ammonia is evolved, the presence of 
nitrogen is proved. 

As, however, nitro-compounds, azo-compounds 
and some other nitrogen compounds do not respond 
to this test, the following delicate test must be applied 
before the absence of nitrogen may be considered 
conclusively proved. 

A small piece of sodium, about the size of- a pea, 
is dropped into a dry hard glass test-tube and gently 
warmed till it melts, after which a little of the sub- 
stance, about 0-1 gram, is introduced in such a 
manner that it falls directly on the sodium. If the 
substance is a liquid it is allowed to fall drop by 
drop on the «odium, care being taken to prevent 
it touching the sides of the tube. After the first 
violent action has ceased, the tube is heated in a 
Bunsen flame till all apparent change is over. 

The tube is allowed to cool and 10 cc. water are 
carefully added. The mixture is boiled for a few 
minutes and, if necessary, filtered from any carbon- 
aceous matter. 

If the filtrate be divided into three portions the 
presence of a halogen or of sulphur in the substance 
may also be directly tested. 

One portion of the original solution or filtrate is 
now treated with a few drops of caustic soda solu- 



6 THE rDENTIPICATION OF 

tion, a little freshly-prepared ferrous sulphate solu- 
tion and finally a few drops of ferric chloride solu- 
tion, and the whole well shaken. On carefully 
acidifying with concentrated hydrochloric acid a . 
blue solution or precipitate of Prussian blu# is 
formed, proving the presence of nitrogen in the* 
original substance. 

Note. — With substances containing only a small 
percentage of nitrogen a greenish-blue solution is 
frequently obtained which may only show the 
Prussian blue precipitate after standing for a con- 
siderable time. 

The formation of the Prussian blue depends on the 
fact that the nitrogen and carbon combine with the 
sodium to yield sodium cyanide. This compound in 
presence of ferrous hydroxide combines to give 
sodium ferrocyanide — 

Pe(OH)a + 6NaCN =Na4FeC6N6 +2NaOH 

After the addition of ferric chloride and acid the 
insoluble Prussian blue is precipitated — 

SNaJFeCeNe + 4Fea3 =Pe4(PeC6Ne)3 + 12Naa 

After testing the one portion for the presence of 
nitrogen another portion is acidified with nitric acid, 
the solution boiled to expel any .hydrocyanic acid 
present, and then silver nitrate solution is added. 
If a precipitate is formed the presence of a halogen 
in the original substance is indicated and its nature 
may be determined by submitting the precipitate 
to the usual examination for the detection of chlorine, 
bromine, or iodine. This test depends on the 
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formation of sodium halide produced by combination 
of any halogen in the original substance with the 
metallic sodium. 

Another simple test to prove the presence of 
a^klogen in a substance is obtained by wrapping 
a small piece of copper oxide within a stout 
copper wire, heating it in a Bunsen flame until 
no green colouration is produced, and allowing it 
to cool. A very small quantity of the substance 
is then placed on the oxide, which is again heated 
in the flame, when, if a halogen be present, a green 
coteuration is observed, due to the formation of a 
volatile halogen compoimd of copper. This test 
is not abscdutely conclusive, as some non-halogen- 

Zpoimds appear able to produce a similar coloura- 
. Further, by this test, no information is 
obtained as to which halogen is present. 

Sulphur in a compoimd is best detected by taking 
the third portion from the sodium extract as already 
described, and placing|| drop of the alkaline solution 
on a silver coin. If the original substance contained 
sulphur, sodium sulphide will have been produced, 
forming on the silver coin a black precipitate of 
silver sulphide. 

The presence of sodium sulphide in the alkaline 
filtrate is also readily detected by the addition of 
/sodium nitroprusside solution, which produces a 
4eto violet colouration with an alkali sulphide. 

raosphoms may be detected by fusing a small 
que^tity of the substance with a mixture of equal 
portions of potassium nitrate and carbonate on a 
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piece of platinum foil. The residue is dissolved in 
water, acidified with a few drops of concentrated 
nitric acid and a phosphate tested for in the usual 
way with ammonium molybdate. 



III. GROUP REACTIONS. 

Prom the foregoing preliminary tests the student 
will have deduced the type of compoimd with which 
he is dealing, or at any rate something of its nature. 
The following tests for individual groups may now 
be performed : — 

HYDROXYL GROUP. 

(a) A small quantity of the compound is heated 
for about fifteen minutes with an excess of acetic 
anhydride. 
^ If a hydroxyl group is present an acetyl derivative 

(oily or crystalline) is thus formed which may 
then be separated, washed with dilute sodium car- 
^bonate solution and finally hydrolysed by heating 
under a reflux condenser with caustic soda solution. 
The acetyl compound is, in this way, decomposed 
with formation of an acetate which can readily be 
recognized by applying the usual tests for acenc 
acid or acetates {see page 38). 

(6) Sohotten-Baumann Reaction. — ^About 1 
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gram of the compound is vigorously shaken up 
with about 1 cc. benzoyl chloride and sufficient 
dilute caustic soda solution to render the mixture 
alkaline. The product is poured into water and 
tl^ crystalline benzoate separated by filtration, 
, washed with water and then hydrolysed with caustic 
soda solution. After hydrolysis an alkali benzoate 
is formed, which can be detected in the usual manner 
(see page 41). 

If required, the benzoyl derivative may be puri- 
fied by recrystallizatioh from alcohol, and its 
melting point determined. 

METHOXY AND ETHOXY GROUPS. 

Seven cc. hydriodic acid (Sp. Gr. 1-7) are addedi 
to about 0*2 gram of the compound in a test-tube 
fitted with cork and delivery tube, the end of which 
dips into an alcoholic solution of silver nitrate. 
The mixture is very gently heated in a glycerine 
bath to 140° and^ if a methoxy or ethoxy group be 
present, methyl or ethyl iodide distils over and 
produces a precipitate of silver iodide in the alcoholic 
silver nitrate solution. 

ALDEHYDE GROUP. 

(a) Tollbn's Reaction. — ^Ammonium hydroxide 
solution is cautiously added to about 2 cc. silver 
niffate solution until the precipitate which is first 
formed is just redissolved. One cc. caustic soda 
solution is next run in and then 2 or 3 drops of 
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the supposed aldehyde solution. If an aldehyde 
group is present an immediate deposit of metallic 
silver is produced in the cold. 

(6) Schiff's Reaction. — A few drops of the 
aldehyde are poured into about 5 cc. of a solu^^pi 
of Schiff's reagent (magenta solution which has been 
decolourized by sulphur dioxide). The red coloura- 
tion of the magenta is immediately restored. 

It should be noted that some ketones if present 
in large quantity react similarly, although the 
reappearance of the colour is more gradual and 
shows first after the mixture has stood for some 
time. 

(c) Fehling's solution is rapidly decomposed 
with precipitation of red cuprous oxide on being 
warmed with an aliphatic aldehyde. 

Aromatic aldehydes do not give this reaction. 

(d) If about 1 cc. of an aliphatic aldehyde is 
warmed with 2 cc. concentrated caustic potash 
solution, a brown precipitate of aldehyde resin 
separates out. 

Formaldehyde and aromatic aldehydes do not 
react in this manner, but yield mixtures of alcohols 
and acids, bo^h containing the same number of 
carbon atoms as the original aldehyde. 

2R-CH0 + KOH = RCHaOH + ROOOK. 

(e) If 1 cc. of an aldehyde is vigorously shaken up 
in a test-tube with a few cc. of a cold saturated solu- 
tion of sodium hydrogen sulphite^ a precipitate 

^ ^ee Appendix, page 100. 
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of the aldehyde " bisulphite compound " is formed. 
Sodium carbonate solution liberates the aldehyde 
from the acid sulphite compound. 

Some ketones produce similar crystalline com- 
p^inds. 

KETONE GROUP. 

If an aldehyde group is absent the presence of a 
ketone group may be confirmed by the preparation 
of the semicarbazone of the ketone {see page 
30 for this preparation). 

AMINO GROUP. 

(a) Carbylaminb Test : — ^About 0-1 gram of the 
substance is mixed with 3 drops of chloroform and 
2 cc. alcoholic potash, and the whole carefully 
warmed. The characteristic disgusting carbyl- 
amine odour is produced if the substance contains 
an atnino group. 

(6) A small quantity of the compound is dissolved 
in a few cc. hydrochloric acid and sodium nitrite 
solution is then added until an excess of free nitrous 
acid is present. On warming, the amino group is 
converted into hydroxy 1, with a vigorous evolution 
of nitrogen. 

Aliphatic amines and aromatic amines having the 
amino group in a side chain produce alcohols. 

Aromatic primary amines with the amiao group 
in the nucleus form phenols. 
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12 THE IDENTIFICATION OF 

To distinguish between the two classes of aro- 
matic amines, the amine is diazotized {see page 64) 
in the cold, and a solution of yS-napthql in caustic 
soda added. An intensely coloured azo dye is 
produced if the amino group is in the nucleus. 

IMINO GROUP. 

If sodium nitrite is added to an acid solution 
of the compound, a yellow precipitate or solution 
of a nitrosoamine is formed, which may be con- 
firmed by applying Libbbbmann's Test for nitro- 
soamines : — 

The precipitate or solution containing the nitroso- 
amine is extracted with ether, the ethereal solution 
washed and dried rapidly over calcium chloride 

and the ether then blown off. To the residue, oil 

> 

or solid, is now added a small quantity of phenol 
and 4 to 6 drops concentrated sulphuric acid, when 
a deep greenish black colouration is produced. On 
pouring the mixture into water a red solution is 
formed, which is changed to blue or green on addition 
of alkalies. 

Note, — ^With aliphatic tertiary amines no reaction 
results on addition of nitrous acid, but dialkylani- 
lines interact readily, intensely coloured green 
nitroso compounds being formed, the NO-group 
displacing hydrogen of the benzene nucleus from 
the para position to the nitrogen atom. Substances 
of this type do not give Liebermann's reaction. 

The hydrochlorides of these para-nitroso bodies. 
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ORGANIC COMPOUNDS 13 

which would be precipitated on addition of sodium 
nitrite to a hydrochloric acid solution of a dialkylaiii* 
line, are generally yellow in colour and must not 
be confounded with the secondary nitrosoamines. 

NITRO GROUP. 

A small quantity of the substance is mixed in a 
test-tube with about 2 cc. concentrated hydro- 
chloric acid and to this 1 gram zinc dust is gradually 
added in small quantities, and the mixture finally 
warmed. About 6 cc. water are now run in and 
then concentrated caustic alkali until the precipitate 
at first formed is redissolved. The amine produced 
is extracted with ether, and the presence of the 
amino group can be recognized by the tests given 
in the preceding paragraph. 

NITRILES AND ISONITRILES. 

(a) A small quantity of the substance is heated 
with 20 cc. concentrated hydrochloric acid under 
a reflux condenser. The reaction mixture is then 
made alkaline with caustic soda and heated. 

Ammonia is evolved from nitriles, whereas the 
isonitriles yield under the same conditions sodium 
formate and an amine. 

(6) Mendius' Reaction for Nitriles.^ — ^Nitrfles, 
when reduced in a similar manner to that described 
for the reduction of nitro-compounds, yield amines 
which can- ro&dily be isolated and identified. 

/ * See page 74, 
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AZO-GROUP. 

Azo dye-stuffs when vigorously reduced, yield 
amines, either simple or complex. About 1 gram 
of the substance is treated with about 20 cc. of a 
concentrated solution of stannous chloride in hydro- 
chloric acid. Caustic soda solution is then added 
until the precipitate first formed is just redis- 
solved. Free amines are liberated which may 
be separated, and the usual tests for the amino 
group applied. 



IV. HYDROCARBONS. 

These are generally colourless liquids or solids, 
practically insoluble in water, soluble in alcohol 
and ether. The solubiUty in the last mentioned 
solvents decreases with increase in the molecular 
weight of the compound. 

ALIPHATIC HlTDROCARBONS. 

n-Pentane, CsHia, is an exceptionally stable 
colourless liquid, boiling at 36-37°. 
Ti-Hexane, CeHi*, boils at 69-70°. 
n-Heptane, C7Hie, boils at 97-98°. 
Ti^Octane, CsHis, boils at 124°. 

Isoprene, pTT^>C*CH=CH2, is a colourless liquid 
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boiling at 37°, obtained by dry distillation of 
caoutchouc. Concentrated hydrochloric acid con- 
verts isoprene into a substance very similar to, if 
not identical with, caoutchouc. 

arohahc hydrocarbons. 

Benzene, CeHg, B.P. 80-81°, M.P. 6-4°. The 
pure hydrocarbon has a peculiar, not unpleasant 
smell. It is exceedingly stable towards oxidizing 
agents. 

If 1 gram ol the hydrocarbon be added to a mix- 
ture of 3 grams concentrated sulphuric acid and 
2 grams concentrated nitric acid (Sp. Gr. 1-4), and 
the mixture warmed on a water-bath for about 
J hour at 60°, nitro-benzene is obtained, and on 
cooling may be separated from the lower layer of 
acids, washed, dried and identified [{see page 70) 

CeHe -f NOrOH = CeHfiNOa -f HaO. 

Toluene, CeHjCHg, B.P. 110°. Toluene on treat- 
ment with chromic acid yields benzoic acid. ., 

About* 1 gram of the substance is heated under 
a reflux condenser with a mixture consisting of 2 
parts potassium dichromate, 3 parts concentrated 
sulphuric acid amd 3 of water. After oxidation 
the solution is filtered while hot, when on cool- 
ing benzoic acid separates out and may be tested 
for as shown on page 41. 

o-Xylene, Cell,<;^^ boils at 142°. With dilute 
potassium permanganate it yields phthalic acid> 
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A small quantity of the hydrocarbon is heated 
under a reflux condenser for some time with dilute 
alkaline potassium permanganate. The solution 
is then, if necessary, treated with sulphurous acid 
to remove excess of potassium permanganate, 
filtered off from the separated manganese dioxide 
and acidified. The acid is then extracted with 
ether, dried with calcium chloride and the tests for 
phthaUc acid applied {see page 42). 

m-Xylene and jE)-Xylene, boiling points 139° and 
138° respectively, are distinguished from each other 
by the fact that the meta-compound is sulphonated 
in the cold with sulphuric acid, while the para- 
compound remains unchanged. 

Ethylbenzene, CeH6*C2H6, boils at 134°. Chromic 
acid oxidizes it to benzoic acid. 

Mesitylene, C6H3(CH3)3l : 3 : 5, is an agreeably 
smeUing liquid boiling at 163-164°. With chromic 
acid mesitylene is decomposed into acetic acid. 

Cumene, C6H6 0H(CH3)2, is a colourless liquid 
boiling at 162-163°. On oxidation with chromic 
acid or dilute nitric acid it is converted into benzoic 
acid. 

Gymene, CJ6H4<^TT/njT \ (Jy is a pleasant smell- 
ing liquid boiling at 176°. 

Diphenyl, CeHs-CeHs, is a colourless, crystalline 
solid, melting at 71°, B.P. 264° ; when oxidized 
with chromic acid it is converted into benzoic acid. 

Diphenylmefhane, CeHs-CHa-CeHs, is a crystalline 
solid; M.P. 26 •6°. On oxidation with chromic acid 
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it is converted into benzophenone which may be 
extracted with ether and identified (page 37). 

Sfllbene, CsHfi'CH : CH-CeHs, crystaUjpes in colour- 
less needles, M.P. 124-125°. It is unsaturated and 
readily adds on two atoms of bromine forming 
stilbene dibromide, CaHfiCHBr-CHBr-CeHs, M.P. 
137°. Oxidation with chromic acid or alkaline 
permanganate yields benzoic acid. 

Styiene, CeHs-CH : CH2, is a colourless Uquid 
which boils at 145°. It is oxidized to benzoic 
acid with chromic acid mixture. 

Phenylaeetylene, CeHs-C : CH, is a colourless Uquid 
boiling at 139-140°. It yields a yellow copper 
compound when mixed with ammoniacal cuprous 
chloride solution. On oxidation with chromic 
acid, benzoic acid is obtained. 

Naphthalene, CioHg, crystallizes in lustrous leaflets 
which melt at 80° and boil at 218°. It has a char- 
acteristic smell, and is very volatile. On addition 
of a solution of the hydrocarbon in benzene to a 
solution of picric acid in the same solvent, a yel- 
low crystalline compound, naphthalene picrate, 
CioH8,C6H2(N02)30H melting at 149° separates 
out on standing. Naphthalene on boiling with 
dilute nitric acid is oxidized, yielding phthalic acid 
and carbon dioxide. 

Anthracene, C14H10, crystallizes in almost colour- 
less lustrous plates, possessing a beautiful violet 
fluorescence. It melts at 213°, boils at 360°. With 
picric acid it forms the molecular compound 
Ci4Hio,C6H2(N02)30H which is deposited from 
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benzene solution in ruby-red needles melting at 
138^ 

Anthracen#is readily oxidized to anthraquinone 
by dissolving the hydrocarbon in warm glacial acetic 
acid and adding to the solution about double the 
weight of chromic anhydride, and then boiling for a 
short time. The mixture is largely diluted with 
water, the anthraquinone filtered off, washed with 
dilute sulphuric acid, then with water and finally 
dried. M.P. 273^ 

Phenanthrene, C14H10, forms colourless leaflets 
melting at 99®. It is readily soluble in alcohol, 
while the isomeric anthracene is only sparingly 
soluble. 

It combines with picric acid to give a yeUow 
compound, phenanthrene picrate, melting at 144®. 
With chromic anhydride it yields phenanthra- 
quinone, M.P. 205®. 

C«H,\ 
Fluorene | yCHa, crystaUizes in colourless 
CaH^/ 

leaflets with a violet fluorescence. It melts at 113®. 
The picrate obtained by mixing benzene solutions 
of fluorene and picric acid melts at 79-80®. 
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V. ALCOHOLS. 

The common monohydric alcohols are, as a rule, 
colourless liquids (diphenyl and triphenyl carbinols 
are solids) with a neutral reaction and possessing a 
characteristic smell and taste. The lower members 
are soluble in water, but the solubility rapidly de- 
creases with increase of molecular weight. The 
Sp. Gr. is always less than that of water. 

The polyhydric alcohols are oily liquids or crystal- 
line solids, all readily soluble in water, sparingly 
soluble or insoluble in ether. 

PRIMARY MONOHYDRIC ALCOHOLS. 

, Methyl alcohol, CH3OH, is a colourless, mobile 
liquid boiling at 66*5°. It bums with a bluish non- 
luminous flame. If a mixture of methyl alcohol 
with dilute sulphuric acid and potassium dichromate 
be distilled, the distillate contains formic acid 
which may be identified (page 38). ^, 

When methyl alcohol is heated with salicylic 
acid and concentrated sulphuric acid, methyl 
salicylate is formed and can be identified by its 
odour. On warming methyl alcohol with para- 
nitrobenzoyl chloride, the methyl ester is formed, 
meltmg at 96"". 

Ethyl Alcohol, C2H5OH, boils at 78°. 

1. When ethyl alcohol is mixed with a little dilute 
sulphuric acid and potassium dichromate and the 
mixture warmed, the alcohol is oxidized to acetalde- 
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hyde which can be recognized by its pecuKaifchoking 
smell. 

2. The formation of Iodoform servfea^s a deUcate 
test for ethyl alcohol.^ To a solution of alcohol a 
little sodium carbonate is added and the mixture 
warmed to about 60°. To this is how added drop 
by drop, a strong solution of iodine in potassium 
iodide until, after shaking, the liquid remains faintly 
brown. Iodoform separates out, having a char- 
acteristic odour and nielting at 119°. 

3. The para-nitrobenzqic-ester, 

CaH500C<)Jl4-N02, 

is readily obtained as a crystalline solid melting 
at 57°. 

Propyl alcohol, C3H7OH, boils at 97-4°. It is 
miscible in all proportions with watei?,^but on addi- 
tion of calcium chloride and other easily soluble 
salts it separates out from its aqueous solution. 

Normal Butyl Alcohol, C4H^0H, is a Uquid with an 
agreeable odour boiling at 117°. 

Isobutyl Alcohol, ^g'>CH-CH20H, is a liquid 

possessing a fusel-oil odour. B.P. 108°. 

Normal Amyl Alcohol, C^HiiOH, is a liquid almost 
insoluble in water, boiling at 137°. 

Ally! Alcohol, C3H5OH (CHa : CH-CHaOH), is a 
mobile liquid with a pungent odour, boiling at 
96*5°. It has the properties not only of a primary 
alcohol, but also of an unsaturated compound. 

^ Acetone also gives the Iodoform test. 
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On distilling allyl alcohol with chromic acid, 
formic acid (page 38) distils over. 

Benzyl Alcohol, CeH 6 -0112011, is a colourless liquid, 
with a faint aromatic odour and boils at 206°. It 
is sparingly soluble in water, readily in alcohol and 
ether. On oxidation with dilute nitric acid it 
yields first benzaldehyde and then benzoic acid. 

SECONDARY MONOHTDRIC ALCOHOLS. 

Isopropyl Alcohol (CHa-CHOH-CHg), boils at 82- 
83°. Oxidizing agents convert it into acetone. 

Diphenyl CarWnol, benzhydrol, (CeH6)aCH0H, 
crystallizes in silky needles, very sparingly soluble 
in water, M.P. 67-68°. The acetate melts at 41-42°. 

TERHART MONOHTDRIC ALCOHOLS. 

Tertiary Butyl Alcohol, (CH3)3COH, is a colourless 
solid meltmg at 25°, boiling at 83-84°. 

Triphenyl Carbinol, (CaH6)3COH, M.P. 159°. The 
acetate melts at 09°. 

POLYHYDRIC ALCOHOLS. 

Ethylene Glycol, CH-jOH-eHaOH, is a thick 
colourless liquid boiling at 197-198°. When 
glycol is heated with solid caustic potash to 
250°, hydrogen is evolved and potassium oxalate 
formed which may be identified (see page 39). 

Glycerol, C3H6(OH)3, is a colourless, syrupy 
Uquid with a sweet taste, insoluble in ether. 

When glycerol is heated with potassium hydrogen 
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sulphate, or with phosphoric anhydride, acrolein 
is produced and may be identified by its pungent 
disagreeable odour. 

When a borax bead is moistened with glycerol 
and held near the outer edge of a Bunsen flame 
it gives a green colouration. 

The following are crystalline solids : — 

Erythritol, C4Ha(OH)4, M.P. 112^ 

Oxidation with cone, nitric acid converts ery- 
thritol into oxalic acid. The tetra-benzoate melts 
at 186-187°. 

Arabitol, CHaOH(CHOH)3CH20H, M.P. 102^ 

Mannitol, CH20H(CH0H)4CH20H, M.P. 166^ 
The hexabenzoate melts at 124-125°, the hexacetate 
at 119°. 



VI. ETHERS. 

Thesb are neutral, volatile liquids, practically 
insoluble in water and chemically very indifferent. 
They can be best identified by their boiling points. 

Ethyl Ether, (C2H5)20, B.P. 34-35°. 

Normal Propyl Ether, (C3H7)20, B.P. 90-91°. 

Anisol, CaHfi'O'CHs is an ethereal smelling liquid 
boiling at 154-155°. Heated with concentrated 
hydriodio acid to 140° it decomposes into phenol 
and methyl iodide. 

Phenetol, CeHs-O-CaHB, boils at 172°. 
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Phenyl Efher, CeHs-O-CeHs, crystallizes in long 
needles and possesses a smell resembling geraniums. 
It melts at 28°, boils at 252°. It is not reduced on 
heating with hydriodic acid, 



VII. PHENOLS. 

The phenols, with the exception of m-cresol are 
crystalline soUds. They are of an acid nature, 
the hydrogen of the hydroxyl being readily sub- 
stituted by metals. The monohydric phenols are 
but sparingly soluble in water, the polyhydrio 
phenols readily soluble. 

Phenol, CaHfiOH, is a colourless crystalline solid> 
which gradually acquires a reddish colour, and 
deliquesces on exposure to air. It melts at 43^» 
boils at 181°; it dissolves in 15 parts water and gives 
a violet colouration in neutral solution with ferric 
chloride. 

When an aqueous solution of phenol is mixed 
with one-fourth of its volume of ammonia solution 
and then with a few drops of a bleaching powder 
solution, and gently warmed, a fine blue colour is 
produced, which soon disappears. 

Bromine water precipitates tribromophenol from 
solutions as an oil which soon crystallizes and melts 
at 92°. The crude tribromophenol may if necessary 
be purified by recrystallizing from alcohol. The 
benzoate melts at 69°. 
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o-Cresol, C6H,<^^ M.P. 31°. On fusion 

with potassium hydroxide, salicylic acid is formed. 
With picric acid, a picrate, 2C7H80,3C6H8N307, 
melting at 88° is obtained in orange yellow needles. 

m-Cresol is liquid and boils at 202-203°. Ferric 
chloride colours an aqueous solution of m-cresol 
deep blue violet. The benzoate melts at 54°. 

p-Cresol melts at 36° and gives with ferric chloride 
a blue colouration. The benzoate melts at 71-72°. 




Carvacroly ^ is a thick oil boiling at 236- 

C3H7 

237°. An alcoholic solution of carvacrol is coloured 
green on addition of ferric chloride. 




Thymol, | melts at 50-51 , and possesses 

'OH 
C3I17 

a pleasant aromatic odour. An aqueous solution 
of thymol treated with one half its volume of 
glacial acetic acid and one volume of concentrated 
sulphuric acid produces on warming a red violet 
colouration. 

a-NaphthoI, C10H7OH, melts at 94°, is practically 
insoluble in cold water> readily soluble in alcohol 
and ether. Bleaching powder solution produces 
a dark violet colouration. A naphthol picrate is 



I 
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produced, by Tnixing alcoholic solutions of the com- 
ponents, in orange needles melting at 189^. 

a-Naphthol acetate melts at 46^. 

Pbbparation of Acetate. — One gram of the 
naphthol is boiled for about fifteen minutes with 
2 grams acetic anhydride. On pouring the product 
into water the crude acetate separates out. It is 
purified by recrystallization from a small quantity 
of water. 

a-Naphthol benzoate melts at 56^ 

/8-Maphthol melts at 122°. With ferric chloride 
a greenish colouration is produced in an aqueous 
solution of the naphthol, from which after some time 
a white flocculent precipitate is thrown down. 
/8-Naphthol dissolved in strong potassium hydroxide 
solution and treated with chloroform produces on 
warming to 60*^ a blue colouration which gradually 
becomes green and finally brown. /3-Naphthol 
acetate, C10H7OOC • CH3, melts at 70°. The ben- 
zoate melts at 107°. 

Catechol (pyrocatechin), ^fi^^<CoRl2y ^^^^^ ** 

104°. It reduces Fehling's solution on warming. 
With lead acetate a white precipitate is obtained. 
Ferric chloride produces in an aqueous solution of 
catechol an emerald-green colouration, which on 
addition of sodium bicarbonate becomes violet-red. 

Guaiacol, CeH4<Qg^' [g!* ^^^^^ ** ^^''- ^^^^^ 

chloride gives its alcoholic solution an emerald-green 
colour. 
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Resorcinol, CaH,<^g jjj, M.P. 118^ Ferrio 

chloride produces a dark violet colouration. If 
equal weights of resorcinol and phthahc anhydride 
are gently heated together in a test-tube a yellow 
melt is obtained, which, when dissolved in dilute 
caustic soda solution, produces a solution showing a 
fine green fluorescence (formation of fluorescein). 
Bromine water precipitates tribromoresorcinol, 
M.P. 111°, from an aqueous solution of resorcinol. 
The dibenzoate melts at 117°. 

Quinol (hydroquinone), CeH4<9g |^|, melts at 

169° and is readily soluble in water, alcohol and ether. 

With ferric chloride quinhydrone is readily ob- 
tained in beautiful metallic green crystals by adding 
ferric chloride to a concentrated solution of hydro- 
quinone in water. The solution becomes at first 
red and then rapidly darkens. 

The diacetate and the dibenzoate melt respec- 
tively at 123° and 199°. 

/CH3 (1) 
Orcinol, CeHaAOH (3), M.P. 107°. is easUy soluble 

\0H (5) 

in water, alcohol and ether. On exposure to the air 
it becomes red. With ferric chloride a violet-black 
colouration is produced. Bleaching powder solu- 
tion produces a dark red colouration which soon 
changes to yellow. The diacetate melts at 26°, 
the dibenzoate at 88°. 
Pyrogallol, CaH3(OH)3 1:2: 3, melts at 132-133° 



^ 
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and is readily soluble in water, alcohol and ether. 
An alkaline solution of pyrogallol quickly absorbs 
oxygen from the air and becomes brown. An 
aqueous solution of pyrogallol is turned brown on 
addition of nitrous acid solution. The tribenzoate 
melts at 90°. 

Phloroglucinol, CaH3(OH)3 1:3:5, melts at 218° 
on quickly heating. It is readily soluble in water, 
alcohol and ether. With ferric chloride a blue- 
violet colouration is obtained. The acetate melts 
at 105°, the benzoate at 173°. The trioxime melts 
at 43°. 

ALCOHOL PHENOLS. 

Saligenin, C6H4<^^^qjj |^j, M.P. 86°, is very 

readily soluble in boiling water, alcohol and ether. 
It dissolves in concentrated sulphuric acid with an 
intense red colour. With ferric chloride it gives 
a blue colouration. 

Anisyl Alcohol, C6H4<^g^jj [ Jj, melts at 45°. 

Dilute nitric acid oxidizes it to anisic acid, M.P. 
185°. 

HALOGEN PHENOLS. 

OH 
o-ChlorophenoI, CqR4,<^, , has an unpleasant 

odour and boils at 175-176°. 

m-ChlorophenoI is obtained as crystals melting at 
28-5°. 



I 
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;)-Chlorophenol melts at 37^. It possesses a faint, 
unpleasant odour. Fused with alkalies it gives 
resorcinol. 

o-BromophenoI is an unpleasant-smelling oil, boiling 
at 194-195°. 

?7^-Brom6phenoI melts at 32-33°. 

;)-BromophenoI melts at 63-64°. 

o-lodophenol is obtained as needles, melting at 43°. 
It is fairly soluble in hot water, readily soluble in 
alcohol and ether. By warming with nitric acid 
(Sp. G^ = 1*2) picric acid is formed. 

?7^-Iodophenol melts at 40°. 

;)-Iodophenol forms long needles melting at 92°. 
By boiling with nitric acid it is readily converted 
into picric acid. 

OH 

Trlchlorophenol, I J melts at 67-68° and 

a 

has an acid reaction. With] hydrochloric acid and 
potassium chlorate, chloranil (see page 59) is formed. 
Tribromophenol (2 : 4:6) melts at 95°. The acetate 
recrystallized from alcohol melts at 82°. 

AHINOPHENOLS 

NH 
o-Aminophenol, C6H4<;[^jj^, when pure is colour- 
less, but readily becomes brown. It melts at 170°, 
and is somewhat sparingly soluble in water, readily 
in ether. The acetate melts at 150°. 
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;>-Aminophenol melts with' decomposition at 184®. 
With chromic acid it is readily oxidized to quinone. 
p-AminophenoI Methyl Ester {pj> — . anisidine) 

C6H4<^j^-g. ^ ^^ forms plates melting at 62-56°. 

Phenacetin, Celii^S^^AnxT^^l melts at 13 5^ 

^^NHCOCH3(4) 

On hydrolysis with caustic soda it yields sodium 

acetate, and phenetidine, B.P. 244°. 



VIII. ALDEHYDES. 

The lower aldehydes are volatile liquids soluble in 
water and possessing a characteristic odour. The 
higher members of the series are solids, insoluble in 
water. 

In chemical properties the aldehydes are neutral 
substances, easily oxidized to corresponding acids, 
their ready oxidation by the salts of the noble metals 
being one of the characteristics of the aldehydes. 

All aldehydes form oximes with hydroxylamine, 
phenylhydrazones with phenylhydrazine and semi- 
carbazones with semicarbazide hydrochloride. As 
these derivatives can readily be obtained in the pure 
state and are generally solids, their preparation and 
melting-point determination serve as an aid in the 
identification of an aldehyde. 

Preparation of an Oximb.^ — One gram of the 



30 THE IDENTIFICATION OF 

aldehyde dissolved in the least possible quantity of 
alcohol is treated with a slight excess of hydroxyl- 
amine hydrochloride dissolved in a little water. 
To this mixture is added the theoretical quantity of 
sodium hydroxide in concentrated solution. If any 
precipitate is now formed, alcohol or water, as may 
be necessary, is added to bring about complete solu- 
tion. The solution is then heated on a water-bath 
under a reflux condenser for from one to two hours. 
The reaction mixture is then poured into water, 
made faintly acid with acetic acid and the oxime 
extracted with ether, the ethereal solution dried, 
the ether distilled off and the oxime recrystallized 
from some suitable solvent. 

Preparation of a Phenylhydrazone. — One 
cc. phenylhydrazine is added to about 5 cc. water 
and sufficient acetic acid added, with vigorous shak- 
ing, to bring about complete solution. About 0*5 
gram of the aldehyde is now added (in solution if 
necessary) and the mixture vigorously shaken and 
very gently warmed. The phenylhydrazone separ- 
ates out and, if solid, is filtered off, washed with 
dilute acetic acid, dried on a porous plate or be- 
tween filter paper, and finally recrystallized from 
alcohol or benzene. 

Preparation op a Sbmicarbazonb. — One gram 
of the aldehyde, dissolved in the smallest possible 
quantity of alcohol is added to a solution containing 
2 grams semicarbazide hydrochloride dissolved in the 
minimum quantity of water. A cold alcoholic solu- 
tion containing 2 grams potassium acetate, best 
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prepared by boiling the acetate with alcohol, is now 
added, and, if any precipitate forms, water or alcohol^ 
as the case requires, is then carefully added until a 
clear solution is obtained. The mixture is then 
allowed to stand for some hours, the aldehyde semi- 
carbazone gradually separating out. 

The addition of a few drops of methyl alcohol (free 
from acetone) often accelerates the separation of 
the semicarbazone. The semicarbazone obtained is 
finally recrystallized from methyl or ethyl alcohol. 

Formaldehyde, H*CHO, is gaseous at the ordinary 
temperature and is usually met with in solution, the 
aqueous solution possessing a penetrating, suffocat- 
ing odour. When its aqueous solution is mixed with 
ammoniacal silver nitrate solution a silver mirror is 
obtained. 

Trioxymethylene (H '0110)3, is a crystalline com- 
pound which sublimes readily under 100°. When 
strongly heated it is decomposed into pure gaseous 
formaldehyde. It is readily soluble in cold sodium 
hydroxide solution, insoluble in alcohol and ether. 

Aoetaldehyde, CHa-CHO, is obtained as a strongly- 
smelling suffocating Uquid, boiling at 21° and miscible 
in all proportions with water. Boiling with potas- 
sium hydroxide solution produces the yellow-brown 
aldehyde resin. Acet aldehyde combines readily 
with ammonia gas to give aldehyde ammonia, a 
colourless crystalline solid. Its phenylhydrazone 
melts at 99°, the semicarbazone at 162°, the oxime 
at 47°. • 

Para-aldehyde (C2H40)35 boils at 124° and on dis- 
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tiUation is completely converted into acetaldehyde. 
It gives none of the usual aldehyde reactions. 

Meta-aldehyde (€21140)3, is isomeric with para-»alde- 
hyde. It is a crystalline solid which sublimes at 
112° without melting. On distillation with dilute 
sulphuric acid it breaks down into acetaldehyde. 
Like para-aldehyde it gives none of the aldehyde 
reactions. 

Aldol, CH3-CH(0H)CHa-CH0, is a syrupy Uquid 
which decomposes at 135° into crotonaldehyde and 
water — 

CH3CH(0H)CHa-CH0 = CH3CH:CH.CHO+HaO. 
It is soluble in water and alcohol, and gives the 
usual aldehyde reactions. 

Aerolein, CHaiCH-CHO, is a pungent-smelling 
liquid, boiling at 52-53°. It is readily oxidized to 
acrylic acid. 

Crotonaldehyde, CHa-CH : CH-CHO, is an ex- 
tremely disagreeable-smelling liquid boiling at 104°. 
The oxime melts at 119-120°. 

Benzaldehyde, CeHs-CHO, is a pleasant aromatic 
smelling liquid, which boils at 179°. It does not 
reduce Pehling's solution but gives most of the alde- 
hyde reactions. Its oxime melts at 35°, the phenyl- 
hydrazone at 155°, the semicarbazone at 214°. 

o-Toluic Aldehyde, CeH^^c^j^l^, boils at 200°. Its 

oxime melts at 48-49°. 

Ti^-Toloie Aldehyde boils at 199°. 

2>-Toluie Aldehyde is a liquid with a pepper-like 
odour, boiling at 204°. The oxime exists in two 
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forms. The anti-derivative melts at 79°, the syn- 
compound at 109°. 

CHO 




;>-Ciimic Aldehyde, Cuminol, | is a pleasant, 

CH(CH3)a 

aromatic-smelling Kquid, boiling at 237°. Its oxime 
melts at 68°. 

Cinnamic Aldehyde, CeHs-CH : CH-CHO, decom- 
poses on boiling. The phenylhydrazone melts at 
168°. 

SUBSTITUTED ALDEHYDES. 

Chloral, CCI3 • CHO, is a colourless, pmigent-smell- 
ing liquid boiling at 97-98°. Concentrated alkali 
solutions decompose chloral even at ordinary temper- 
atures into chloroform and alkali formate — 

CCla-CHO + KOH = CHCI3 + H-COOK. 
The oxime melts at 39-40°. 

Chloral Hydrate, CCU-CHCOH)^, melts at 67°. 
It is readily soluble in water and alcohol. It does 
not show the usual aldehyde reactions. By shaking 
with concentrated sulphuric acid it is immediately 
converted into chloral. 

Bromal, CBrg-CHO, boils at 174°. With alkaUes 
it is decomposed into bromoform and alkali formate. 

Bromal Hydrate melts at 53-54°. 

CI 
o-Chlorobenzaldehyde, ^«^«<CnTTQ> is & Uquid, boil- 
ing at 213-214°, with a strong odour. Its oxime 
melts at 75° (anti), the syn. derivative at 98-102°. 







^■ji^Bt'V'^' - 
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fn^Chlorobenzaldehyde is obtained in long prisms, 
melting at 17-1 8^ boiling at 213°. Oxime, M.P. 
70° (syn.). 

2>-Ghlorobenzaldehyde is a solid with an odour like 
benzaldehyde, melting at 47-48°. 

o-Nitrobenzaldehyde, CeH4<^Q , is obtained in 

the form of long, pale yellow needles, melting at 
44°. It has an odour similar to that of benzalde- 
hyde, is readily soluble in alcohol and ether, sparingly 
in water. Concentrated aqueous sodium hydroxide 
converts it readily into o-nitrobenzoic acid and o- 
nitrobenzylalcohol. The oxime melts at 96°. 

n^-Nitrobenzaldehyde melts at 58°. It is fairly solu- 
ble in hot water, readily in alcohol and ether. The 
oxime melts at 118°. 

;>-Nitrobenzaldehyde melts at 106°. With chromic 
acid it is converted into its corresponding acid. The 
oxime melts at 129°. 

o-Nitrocinnamic aldehyde, CeH4<^Q- ^^ ' ^^^' 

melts at 127° and is soluble in hot water. 

fn^Nitrociiinamic aldehyde, M.P. 116°. 
" ? Jp-Nitrocinnamic aldehyde melts at 141°. The 
oxime melts at 178-179°. 

o-Aminobenzaldehyde, C6H4<^^^,is obtained in 

silvery leaflets meltiog at 39-40°, readily soluble 
in alcohol and ether, sparingly in water. The 
acetyl derivative melts at 70°, the oxime at 132°, 
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fn^Aminobenzaldehyde is a yellow amorphous sub- 
stance. The oxime melts at 88°. 

2>-Amlnobeiizaldehyde melts at 70-71°. The hydro- 
chloride is obtained in red crystals. The acetyl 
derivative melts at 155°, the oxime at 124°. 

SaUcyUc Aldehyde, C6H4<^gQ j^j, is a pleasant- 

smeUing oil, boiling at 196°. On oxidation it yields 
salicylic acid. The acetyl derivative melts at 37°, 
the oxime at 67°. 

?72>-Hydroxybenzaldehyde melts at 104°. The aque- 
ous solution is coloured deep violet with ferric 
chloride solution. The oxime melts at 87°. 

2>-Hydroxybenzaldehyde melts at 116-116° and sub- 
limes undecomposed. The aqueous solution is 
coloured faintly violet with ferric chloride. The 
oxime melts at 66°. 

Anisic Aldehyde, C!eH4<Q^g .^]J, boils at 248°. 

The oxime melts at 61°. 

/CHO(l) 
Protocatechulc Aldehyde, CeHa^^OH (3), melts at 

NOH (4) 

163°. Ferric chloride colours an aqueous solution 

of protocatechulc aldehyde green ; on addition of 

sodium carbonate the colour changes to violet and 

then to red. The oxime melts at 160°. 

yCHO (1) 
Vanillin, CeHa^^OCHg (3) has a pleasant, vanilla- 

\0H (4) 

like odour and melts at 80-81°. It gives with ferric 
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chloride a blue colouration. The benzoate melts at 
76°, the oxime at 117''. 

yCHO, 

^^\\^CH3, has a pleasant helio- 
trope odour. It melts at 37*^. The oxime melts at 
110-112^ the phenylhydrazone at lOO*". 

Closely related to the aldehydes themselves are 
the aldehyde ethers. These are liquids, sparingly 
soluble in water, which on boiling with dilute hydro- 
chloric acid are readily broken up into their consti- 
tuent aldehyde and alcohol. 

Methylal CH2(OCH3)2, B.P. 42°. 

Acetal, CH3-CH(OC2H6)2, B.P. 104°. 



IX. KETONES. 

The aliphatic ketones are liquids, the common aro- 
matic ketones are soUds. They are only oxidized 
with difficulty and therefore do not reduce alkaline 
silver solutions. Only those ketones with a methyl 
group directly attached to the carbonyl group form 
bisulphite compounds. Like aldehydes they form 
oximes, phenylhydrazones, and semicarbazones. 
The methods for the preparation of these derivatives 
are similar to those employed in the case of the 
aldehydes. 
Acetone, CHj-CO-CHs, B.P.66°, is miscible with 
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water in all proportions. With iodine and caustic 
potash it forms iodoform. The oxime melts at 
59-60°. 

Methylethylketone, CHa-CO-CaHg, boils at 80-81°. 
The oxime is an oil, the semicarbazone melts at 
136-136°. 

Diethylketone, CaHg-CO-CaHB, B.P. 102-103°. 

Dipropylketone, CaH^-CO-CaHy, B.P. 144°. 

Pinacoline, CH3--7C*C0'CH3, is a pepper mint- 

smelling liquid boiling at 106°. It forms no bisul- 
phite compound. The oxime melts at 74-76°. 

Acetophenone, CeHg-CO-CHa, melts at 20°. With 
picric acid it gives a picrate, greenish-yellow crystals 
melting at 63°. The oxime melts at 69°. 

Benzophenone, CaHs-CO'CeHg, melts at 48-49°. 
The oxime melts at 139-140°, the phenyl-hydra- 
zone at 137°. 

Benzoin, CeHfi-CHOH-CO-CeHB, melts at 137°. 
It is converted into benzil by means of nitric acid. 
FehUng's solution is readily reduced by means of 
benzoin. The oxime melts at 161-162° (a-deriva- 
tive). • 

Deoxybenzoin, CeHs-CHa-CO-CaHB, melts at 60°. 
The oxime melts at 98°, the phenylhydrazone at 
116°. 

BenzU, CeHs-CO-CO-CaHB, melts at 96°. The 
dioxime melts with decomposition at 237°. 
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X. ACIDS. 

To obtain the acid from a salt, the latter is dissolved 
in water (if it is insoluble, it is boiled with sodium 
carbonate and filtered), and the solution acidified. 
In many cases the acid will be precipitated ; if 
soluble in water it is extracted with ether, the 
ethereal solution dried and the ether distilled off. 
The physical and chemical properties of the acid 
are then determined. 

1. SATURATED ALIPHATIC MONOBASIC ACIDS* 

The lower members are liquids, soluble in water, 
the solubility decreasing with increase of molecular 
weight. The higher members are odourless solids, 
insoluble in water. 

Formie Acid, H-COOH, when anhydrous boils at 
101°. By the action of concentrated sulphuric acid, 
carbon monoxide is evolved. Formic acid reduces 
solutions of silver and mercury salts. 

Acetic Acid, CHa'COOH, when free from water 
melts at 16-5°, and boils at 118°. The addition of 
ferric chloride to a neutral solution of an acetate 
produces a deep red colour, which on warming dis- 
appears, while a brown flocculent precipitate of basic 
ferric acetate is thrown down. 

When acetic acid is warmed with alcohol and con- 
centrated sulphuric acid, ethyl acetate is formed, 
which may be recognized by its pleasant fruity odour. 

Propionic Acid, CaHg-COOH, boils at 141°. It is 
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precipitated as an oil from aqueous solution by the 
addition of calcium chloride. The ethyl ester boils 
at 98-99°. 

n-Butyric Acid, CHa-CHa-CHa-COOH, boiling at 
162°, has an extremely unpleasant odour. Its ethyl 
ester boils at 120°. 

Isobutyric Acid, ^^3>CH-C00H, boils at 156° 

and is insoluble in water. The ethyl ester boils at 
110°. 

Palmitic Acid, CH3-(CH2)i4-COOH, melts at 62°. 
The lead salt formed by adding lead acetate to a 
neutral solution of ammonium palmitate melts at 
112°. 

Stearic Acid, CH3-(CH2)ie-COOH, melts at 69-2° 
and the lead salt at 125°. 



2. SATURATED ALIPHATIC POLYBASIC ACIDS. 

These acids are solids, and are soluble in water. 

COOH 
OxaUc Acid, | + 2H2O, melts at 98°. When 

COOH 

acted on by concentrated sulphuric acid, carbon 
monoxide and carbon dioxide are evolved. Potas- 
sium permanganate reacts with oxalic acid, with for- 
mation of carbon dioxide and water. The calcium 
salt is insoluble in water and in acetic acid. The 
dimethyl ester, which can be prepared by boiling 
the anhydrous acid with methyl alcohol for about 
ten minutes, is a solid melting at 54°. 



J 
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f^"f:: Malonic Acid, CHa<^OOH' '^^^^^^ ^* ^^^°- ^^ 

heating Jmore^strongly, it is decomposed into acetic 
acid and carbon dioxide. 

CHa-COOH 
Succinic Acid, | , melts at 185*^. When 

CHa-COOH 

a neutral solution of ferric chloride is added to a 
neutral solution of a succinate, a brown-red precipi- 
tate of basic ferric succinate is produced. Succinic 

CH3CO \ 
anhydride | / melting at 11 9°, is obtained 

by the action of acetyl chloride on the acid at 60°. 
It is purified by recrystallizing from chloroform. 

GlutaricAcid,CH2c::rS5'S225> meltmg at 97-6% 

is converted into the anhydride (M.P. 56-67°) by 
heating for some time. 

3. UNSATURATED ALIPHATIC ACIDS. 

Acrylic Acid, CHaiCH-COOH, boils at 140° and 
polymerizes. The lead salt crystallizes in fine 
needles. When acrylic acid is fused with potassium 
hydroxide, it is decomposed into potassium formate, 
potassium acetate and hydrogen. The ethyl ester 
boils at 101-102°. 

Crotonic Acid, CHg-CHiCH-COOH, melting at 
71-72°, when fused with potassium hydroxide pro- 
duces potassium acetate and hydrogen. Ito ethyl 
ester boils at 142°. 
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Ofefe Aeid, CH3-(CHa)T-CH : CH-(CHa)T-COOH, 
melts at 14"^, and boils at 223"" at 10 mm. The lead 
salt is soluble in ether and melts about 80^. When 
oleic acid is shaken with nitrous acid, it is transformed 
into the isomeric Elaidic Aeid, melting at 44-45^. 

H -C — COOH 
Fumaric Aeid, || , sublimes at 

HOOC — C -H 

200°, without melting. When distilled with phos- 
phorus pentoxide, maleic anhydride (M.P. 60°) is 
formed. By the action of bromine at 100° on fumaric 
acid, dibromsuccinic acid, melting at 266-266° with 
decomposition, is produced. 

H -C -COOH 
Malele Aeid, || , melting at 130°, is 

H -C -COOH 

converted into the anhydride (M.P. 60°) by heating 
under diminished pressure at 100°. 

4. AROMATIC ACIDS. 

Benzoic Acid, CeHs-COOH, melts at 121°, and can be 
sublimed easily. It is practically insoluble in cold 
water, easily soluble in alcohol and ether. When 
heated with lime, benzene is produced. Ethyl 
benzoate (B.P. 213°), a pleasant-smelling liquid, is 
easily formed by heating together benzoic acid, ethyl 
alcohol and a small quantity of concentrated sul- 
phuric acid. 

o-Toluie Aeid, C6H4<^q^jj, M.P. 102°, is easily 



42 THE IDENTIFICATION OP 

soluble in hot water. Dilute nitric acid oxidizes 
it to phthalic acid. 

m-ToluIc Acid, M.P. 110°, is readily soluble in 
water. 

2>-Toluic Acid, M.P. 176-177°. The methyl ester, 
a strongly smelling soUd, melts at 32°. 

a-Naphthoic Acid, CioHy-COOH, M.P. 160° and 

yS-Naphthoic Acid, M.P. 182° are converted into 
naphthalene by distillation with Ume. When the 
a-compound is oxidized with chromic acid in glacial 
acetic acid, phthalic acid is produced. Methyl /8- 
naphthoate is a soUd melting at 77°. 

Phthalic Acid, C6H4<^QQg jgj, on heating forms 

phthalic anhydride (M.P. 128°). When the latter 
is heated with phenol and a little anhydrous zinc 
chloride, phenolphthalein is produced — 

C6H,<^2>0 + 2CflH50H = H2O + 

• ^flH^OH 
y^C-CeH^OH 

CeH4 /O 

\co 

Phenylacetlc Acid, CeHg-CHa-COOH, M.P. 76°, is 
sparingly soluble in cold water. 

Hydrocinnaminic Acid, CeHg-CHa-CHa-COOH, M.P. 

48°. 

Cinnamic Acid, CeHe-CH : CH-COOH, M.P. 133°. 
The methyl ester melts at 33°. 
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5. SUBSTITUTED ACIDS. 

A. Hydroxy Acids. 

GlycoUic Acid, CH2OH • COOH, melting at 78-79^ 
when heated to 100° is converted into an anhydride, 
M.P. 128-130°. 

Lactic Acid, CH3-CH0H-C00H,is a syrup, easily 

soluble in water and alcohol, difficultly soluble in 

ether. Hydriodic Acid reduces it to propionic acid, 

while at the same time free iodine is produced. The 

silver salt melts at 100°. 

CHOH-COOH 
Halic Acid, | , melts at 100°. When 

CHa-COOH 

calcium chloride and alcohol are added to a neutral 

solution of a malate, calcium^alate is precipitated. 

CHOH-COOH 

Tartaric Acid, | , melting at 168-170°, 

CHOH-COOH 

is decomposed on heating strongly, with production 

of a smeU of burnt sugar. •Calcium chloride added 

to a neutral solution of a tartrate (but not of tartaric 

acid) precipitates calcium tartrate. When ammoni- 

acal silver nitrate solution is added to a neutral 

solution of a tartrate, a silver mirror is produced on 

warming. 

CHa-COOH 



Citric Acid, C(OH)-COOH+ H^O, is easily soluble 

CHa-COOH 
in water and alcohol. It loses its water of crystalliz- 
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ation at 130°, and melts at 153®. When calcium 
chloride is added to a neutral solution of a citrate 
and the mixture heated for some time, calcium 
citrate is precipitated. 

Salicylic Acid, CeH4<^QQjj j^ j, melting at 156°, is 

converted into phenol when it is heated with Ume. 
Ferric chloride added to a solution of salicylic acid 
produces a deep violet colouration, which is not des- 
troyed by addition of acetic acid. Methyl salicylate, 
which has a characteristic odour, boils at 224°. 

/OH (1) 
Protocatechuic Acid, CgHa^OH (2), melts at 199^. 

\C00H(4) 

Ferric chloride added to a solution of the acid, pro- 
duces a green colouration, which, on addition of 
sodium hydroxide, changes to blue and finally to 
red. 

Gallic Acid, CeH2(0H)3-C00H + H^O, decom- 
poses at 220°, into carbon dioxide and pyrogaUol 
{see page 26). Ferric chloride produces a blue- 
black precipitate, soluble in hydrochloric acid but 
reprecipitated by ammonia. 

Tannic Acid is an amorphous powder, more 
soluble in water than in alcohol. Ferric chloride 
solution added to a solution of the acid, produces a 
blue-black colouration. When sulphuric acid is 
added to a concentrated solution of tannic acid, a 
white precipitate is formed, which in contact with 
air turns blue. 

MandeUc Acid, CeHe-CHOH-COOH, melts at 118°, 
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and is easily soluble in water. Oxidation with nitric 
acid produces benzaldehyde. The methyl ester 
melts at 62°. 



B. Halogen Substittitbd Acids. 

Monochloroacetic Acid, CH2C1-C00H, melting at 
62-63*^, heated with caustic potash forms glycollic 
acid. 

Dichloroacetic Acid, CHCl2"C00H, is a liquid, boiling 
at 189-191^ 

Trichloroacetic Acid, Caa-COOH, melts at 55°. 
When digested with caustic potash, chloroform and 
potassium carbonate are formed. 

Monobromoacetic Acid, CHaBr-COOH, melts at 
49-50°. 

Diliromoaeetic Acid, CHBra-COOH melts at 48°. 

Trlliromoacetic Acid, CBra-COOH melts at 135°. 

o-Chlorobenzoic Acid, ^eBi^<^QQ^^ M.P. 137°. 

Reduction with sodium amalgam produces benzoic 
acid. 

71^-Ghlorobenzoic Acid, M.P. 153°. 

^hlorobenzoic Acid, M.P. 236°. 

o-Bromobenzoic Acid, CeH4<;JjQjj, M.P. 147°. 

7/^-Bromobenzoic Acid, M.P. 155°. 

;p-Bromobenzoic Acid, M.P. 251°. 

When the halogen benzoic acids are distilled with 
lime, the corresponding halogen derivatives of 
benzene are produced* 
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C. NiTRo Acids. 

o-Nitrobenzoic Acid, ^^^^<^qyL' **^'^* ^*^''' 
m-Nitrobenzoie Aeid, M.P. 141''. 
j>-Nitrobenzoic Acid, M.P. 238^ 
These acids can be reduced to the corresponding 
amino-acids by tin and hydochloric acid. 

NO 
o-Nitrocinnamic Acid, ^^^<C:j^.QrQ^j^QQ^ 

M.P. 237-240°. 

TT^-Nitrocinnamic Acid, light yellow needles. M.P. 
197°. 

j9-NitrocInnamic Acid, M.P. 286°. 

Oxidation with alkaline potassium permanganate 
solution converts these acids into the corresponding 
nitrobenzaldehyde and nitrobenzoic acid. 

D. Amino Acids. 

Amlnoacetlc Acid (glycine), CHaNHa-COOH, M.P. 
232°, with decomposition, is converted by nitrous 
acid into glycollic acid. Ferric chloride added to a 
solution of glycine causes an intense red colouration 
which is discharged by acids, and restored by 
ammonia. 

Methyl Glycine (sarcosme), CH2NH(CH3)-COOH, 
M.P. 210-215°, gives by the action of nitrous acid a 
nitroso-compound. When heated with soda-lime, 
sarcosine produces methylamine. 

Aoeturic Acid (Acetoglycine), 

CH,NH- (C0CH3)-C00H, 
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melts at 206°. On boiling with acids, it is decom- 
posed into glycine and acetic acid. 
Hippuric Acid (Benzoylglycine), 

CH2NH(COC«H5)COOH, 
melting at 187°, is decomposed by boiling with 
dilute acids into benzoic acid and glycine. 

CH3NH.(COC6H5)-COOH+H20 = CeHg-COOH + 

CHaNHaCOOH. 

AminopropionicAcid(Alanme) CHg-CHNHa-COOH. 
When heated with concentrated phosphoric acid 
solution it is decomposed into carbon dioxide, 
ammonia and acet aldehyde. 

Aspartlc Acid, COOH -CHa-CHNHa -COOH. Nitrous 
acid converts it into malic acid. 

Asparagine, CONHa-CHa-CHNHa-COOH, forming 
large rhombic crystals, decomposes over 200° with- 
out melting. When heated with alkalies, ammonia 
and aspartic acid are produced. With nitrous acid 
it gives malic acid. 

o-Aminobenzoic Acid (Anthranilic Acid), 

C6H4<^J^g., melting at 144°, when rapidly 

heated, decomposes into carbon dioxide and aniline. 
Nitrous acid transforms it into salicylic acid. 

AcetylanthraniUc Acid, CeR^<^oo^^^^ M.P.185°. 

BenzoylanthraniUc Acid, C6H,<^J^-2^«^«, M.P. 

177°. 
m^Aminobenzoic Acid forms small reddish crystals. 

M.P. 173-174°, 
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^Aminobenzoie Acid, M.P. Ise-lS?"". 
o-Aminocinnamic Acid, C6H4<^g ^ CH-COOH 

M.P. 158-159®, forms yellow needles and gives 
fluorescent solutions in ether and alcohol. 



XI. AROMATIC SULPHONIC 

ACIDS. 

Thesis are, as a rule, very soluble in water and crystal- 
lize with difficulty. To identify them, it is best to 
prepare the sulphonamide and take its melting point. 
The sodium salts are easily obtained by salting out. 
. PjiBPABATiON OF THE Amidb. — One gram of the 
SQiiiflb^ salt and 2 grams phosphorus pentachloride 
are hea^te on a water bath. After the reaction is 
finished; the mixture is poured into water and the 
oily acid chloride extracted by means of ether. One 
gram of the oil and 2 grams of ammonium carbon- 
ate are heated on a water bath until the smell of the 
chloride disappears. The reaction product is then 
poured into water. After filtering, the amide is 
recrystallized from water and its melting-point 
determined. 

When a sulphonic acid or a salt is fused with alkali, 

a phenol is produced — 

CeHs-SOaNa -}-2NaOH = CflH50H+Na2S03+HaO. 
Mbthop. — One gram of the acid or salt is mized 
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with 2 grams solid caustic potash and heated in a 
nickel crucible to about 200° for one hour. After 
cooling the product is dissolved in water, the solu- 
tion acidified and the phenol extracted with ether 
and identified. 

By passing superheated steam into the sulphonic 
acid, a hydrocarbon results. 

Benzene sulphonic acid, CeHgSOaH, M.P. 50"". 
M.P. of amide, 150°. 

o-Toluene sulphonic acid, C6H4<^? jT*2HaO, 
deliquescent leaflets. M.P. of amide, 156°. 

w-Toluene sulphonic acid, C6H4<^q jj -HaO, 
deliquescent needles. M.P. of amide, 107°. 

p-Toluene Sulphonic acid, C«H4<gQ 'g- -ffl^O, 

crystallizes in leaflets. M.P. 92°. M.P. of jftnide, 
137°. 

o-Benzene disulphonic acid, C6H4<|Q'g, M.P. of 

chloride, 105° ; of amide, 233°. 

77^-Benzene disulphonic acid, M.P. of chloride, 63° ; 
of amide, 228°. 

;>-Benzene disulphonic acid, M.P. of chloride, 131° ; 
of amide, 288°. 

o-Phenolsulphonic acid, C6H4<;^^«|HaO, melts 

above 50°. When the potassium salt is treated 
with benzoyl chloride, potassium chloride is preci- 
pitated, and on extraction with ether, phenyl 
benzoate is obtained. 



60 THE IDENTIFICATION OF 

OH 
tn^Phenolsulphonic acid, C6H4<"^^ TT'2HaO,crystal- 

lizes in fine needles. Ferric chloride produces in 
solutions of the acid, a violet colouration. 

p-Phenolsulphonic Acid is oxidized by manganese 
dioxide and sulphuric acid to quinone. When 
boiled with hydriodic acid, p-phenolsulphonic acid 
is decomposed into phenol and sulphuric acid. 

o-Chlorobenzenesulphonie acid, C6H4<"X'iv tt, The 

chloride melts at 28-6° ; the amide at 188°. 

m-Chlorobenzenesulphonic acid. The chloride is an 
oil ; the amide melts at 148°. 

p-Chlorobenzenesulphonic acid. M.P. of chloride, 
63° ; of amide, 143°. 

Br 

o-Bromobenzenesulphonic acid, C6H4<^^^ ^t- M.P. 

of chloride, 51° ; of amide, 186°. 

m^-Bromobenzenesulphonic acid. The chloride is 
oily. M.P. of amide, 164°. 

;>-Bromobenzenesulphonic acid, melts at 88°. M.P. 

of chloride, 75° ; of amide, 166°. 

I 
o-Iodobenzenesulphonic acid, C!6H4<^q jt. M.P, 

of chloride, 51° ; of amide, 170°. 

2>-Iodobenzenesulphonic acid. The chloride melts 
at 86-87°; the amide at 183°. 

o-Nitrobenzenesulphonic Acid, C«H4<^^): tt • M.P. 

of chloride, 67° ; of amide, 186°. 

tn^Nitrobenzenesulphonic acid. M.P. of chloride, 
60-5° ; of amide, 161°, 



ORGANIC COMPOUNDS 51 

j>-NitrobeiUEenesulphoiiic aeid. The chloride is oily ; 

the amide melts at 181°. 

p-Aminobenzenesulphonic acid (Sulphanilic acid), 

NH 
CeH4<f J^ try when oxidized gives quinone. Fusion 

with caustic potash produces aniline and not amino- 
phenol. 

o-Sulphobenzoic acid, C6H4<^'~!^^ when anhy- 
drous melts at 250°. On fusion with caustic potash 
it is converted into salicylic acid. The imino deriva- 
tive, C6H4<^^*^NH, known as Saccharin, melts 

with partial decomposition at 220°. By heating with 
alkalies, saccharin is decomposed into ammonia and 
o-sulphobenzoic acid. The sodium salt, 

CeH4<^p^^^NNa (the saccharin of commerce) is 

readily soluble in water. 

op-Naphthalene sulphonic acid, doHrSOsH-HaO, 
M.P. 85-90°. The chloride crystallizes from ether 
in leaflets, melting at 66°. The amide melts at 150°. 
Potassium permanganskte in acid solution oxidizes 
the sulphonic acid to phthalic acid. 

/^-Naphthalene sulphonie acid, M.P. 161°. The 
chloride melts at 76° ; the amide at 212°. 
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XII. ACID ANHYDRIDES. 

The aliphatic acid anhydrides are mostly colourless 
liquids, insoluble in water, readily soluble in alcohol 
and ether, with boiling points higher than those of 
the corresponding acids. The aromatic acid anhy- 
drides are solids with melting-points lower than those 
of the corresponding acids. Water slowly hydro- 
lyses anhydrides with formation of acids. With 
alkalies they readily form salts of the corresponding 
acids, and with alcohols, esters are produced. 
Acetic anhydride, (CH3CO)20, B.P. 137-138^ 

CH2CO. 
Succinic Anhydride, | ^0, M.P. 119-120°, 

CHaCO 

reverts to the acid in moist air. 

Benzoic anhydride, {C6H5CO)20, M.P. 42°. 

Phthalic anhydride, C«H4<^q>0, melts at 128° 

and sublimes readily in long needles. When fused 
with resorcinol, fluorescein is produced {see p. 26). 

CeH.<g^>0 + 2CeH<gg = 2H2O -f 

CO 




^CeHaOH 
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XIII. ACID HALIDES. 

These are pungent-smelling liquids, readily con- 
verted by water into the acid, or by alkali into the 
salt of the acid. 

Acetyl chloride, CHa-COCl, B.P. 55^ 

Acetyl bromide, B.P. 81°. 

Acetyl Iodide, B.P. 108°. 

Propionyl chloride, CaHg-COCl, B.P. 80°. 

Proplonyl bromide, B.P. 104°. 

Propionyl Iodide, B.P. 127-128°. 

iwr 1 1 Ki M mS^CJOCl, B.P. 58°. 
Malonyl chloride, CHa ^^^, 

CH,-C0C1 
Suoelnyl chloride, | , B.P. 190-192°. 

CHa-COCl 

Benzoyl chloride, C«H,-C0C1, B.P. 198°. 
Benzoyl bromide, B.P. 218-219°. 

Phthalyl chloride, C,H«<;^^^}, B.P. 275°. 



XIV. ACID AMIDES. 

These are well crystallized substances with definite 
melting points. They are, as a general rule, less 
soluble in water than the ammonium salts of the cor- 
responding acids. When heated with alkalies, they 
give ammonia and the salt of the acid. With 
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nitrous acid they yield nitrogen and the correspond- 
ing acid. 

Acetamide, CHa-CONHa, M.P. 82-83^. 

Proplonamide, CaHB-CONHa, M.P. 79^. 

Acetobromamide, CHa-CONHBr + HaO, M.P. 70- 
80°, when boiled with caustic potash gives potassium 
bromide, carbon dioxide and methylamine. The 
anhydrous compound melts at 108®. 

CONHa 
Oxamide, | , sublimes on heating. It is 

CONHa 
insoluble in water and in alcohol. 

CONHa 
Ozamic aeid, | , M.P. 210® with decompo- 

COOH 

sition. 

CONHa 
Oxamethane, | , M.P. 114-115®, when 

COOCaHfi 

boiled with caustic potash yields ammonia, ethyl 
alcohol and potassium oxalate. 

CHa-CONHa 
Succlnamide, | ,at 200® is converted into 

CHa-CONHa 

the imide and ammonia. 

Cyanamide» CN-NHa, M.P. 40®, with copper sul- 
phate gives a black compound, copper cyanamide, 
CNaCu.i 

Benzamide, CeHs-CONHa, M.P. 128®, is soluble in 
hot water, alcohol and ether. 

^ Calcium cycuiamide CNjCa is a commercial product. 
On addition of water, ammonia is evolved. 
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Phthallo Djamide, CeH4<^2^», on heating 
changes to phthahmide with loss of ammonia. 



XV. ACID IMIDES. 

The imides, like the acid amides, are hydrolysed by 
boiling with alkalies. The only common imides are 
the following : — 

CHaCOv 

Succinimide, | /NH, M.P. 126°. 

CH2CO/ 

Phthalimide, C6H4<^q>NH, M.P. 233-234^ 

Alcoholic caustic potash precipitates the potassium 

CO 
salt, C6H4<^J::^NK, from a solution of phthalimide 

in alcohol. This salt is insoluble in alcohol and ether, 
and sparingly soluble in water. 



XVI. ACID ANILIDES. 

These are hydrolysed by heating with concentrated 
hydrochloric acid or alkali and the aniline distilled 
with steam from an alkaline solution. The acid is 
then identified in the non-volatile residue. 

Formanilide, H-CONHCeHB, melting at 46°, is 
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readily soluble in water, alcohol and ether. With 

concentrated caustic soda solution there is produced 

a crystalline sodium compound, H-CONNaGjHs. 

AcetaniUde (antifebrin) CHa-CONHCeHj, M.P.112^ 

COOH 
Oxanilicacid, I -HaO, M.P. (anhydrous) 

CONHCeHtt 

149-150°. 

CONHCeHfi 
Oxanilide, | , M.P. 246°. 

CONHCeHfi 
Benzanllide, CaHB-CONHCeHfi, M.P. 161-162°. 



XVII. ESTERS. 

These are mostly pleasant-smellinjg, volatile liquids, 
insoluble in water. (Methyl oxalate and methyl 
tartrate are solids.) 

A small quantity of the ester is hydrolysed with 
10 per cent, alkali solution, under a reflux condenser. 
Two-thirds of the liquid are distilled over, de- 
hydrated with potassium carbonate and examined 
for the alcohol. The residue in the distilling flask 
contains the alkah salt of the acid. 
Formates -methyl, B.P. 32*5°. 

-ethyl, B.P. 54-5°. 

-propyl, B.P. 82-83°. 

-butyl, B.P. 107°. 

./i-amyl, B.P. 130-6^ 



* 
k 



ORGANIC COMPOUNDS 57 

Aeetates -mettiyl, B.P. 67 'S". 

-ethyl, B.P. 77°. 

-propyl, B.P. 101°. 

-butyl, B.P, 125°. 

-isobutyl, B.P. 116°. 

-n-amyl, B.P. 148°. 
Glycol monoaeetate, B.P. 182°. 
Glycol diaoetatc, B.P. 186-187°. 
Glycerol triacetate, B.P. 258-259°. 
Propionates-metbyl, B.P. 79-5°. 

-ethyl, B.P. 99°. 
Batyrates-mcthyl, B.P. 102*3°. 

-ethyl, B,P. 120°. 
Oxalatcs-dimethyl, M.P. 64°. 

-diethyl, B.P. 186°. <;,* 
Halooates-dlmethyl, B.P. 181-1^°. 

•diethyl, B.P. 198°. 
Sucdnates-dlmethyl, M.P. 18°, B.P. 195°. 

-ethyl, B.P. 216°. 
Halatcs-dimethyl, B.P. 122° at 12 mm. 

-diethyl, B.P. 129° at 12 mm. 

-»-dipropyl, B.P. 150° at 12 mm. 

Ethereal malates on heating under ordinary pres- 
sure decompose into the corresponding fumarates. 

Tartrates -dimethyl, M.P. 48°. 

-diethyl, B.P. 280°. 

-n-dipronrl, B.P. 303°. 
Benzoates -methyl, B.P. 199°. 

-ethyl, B.P. 213°. 

-n-propyl, B.P. 229°. 
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Glycol di-benzoate, M.P. 73^ 
Glycerol tri-benzoate, M.P. 76°. 
SaUcylates -methyl, B.P. 224"^. 

-ethyl, B.P. 231-5°. When distilled 
with barium oxide ethyl phenyl 
ether is produced, 
-phenyl (salol), M.P. 42-43°. 
Phthalates -dimethyl, B.P. 282°. 
-diethyl, B.P. 288°. 
-diphenyl, M.P. 70°. 
Cinnamates -methyl, M.P. 36°, B.P. 260°. 
-ethyl, B.P. 271°. 
phenyl, M.P. 72°. On distillation in 
air, carbon dioxide and stilbene 
are formed. 



XVIII. QUINONES. 

These compounds are characterized by their colour 
(yellow or red), peculiar odour and volatility in 
steam. With the exception of anthraquinone and 
phenanthraquinone, they are readily reduced by 
sulphur dioxide to the corresponding dihydric 
phenols. 

Benzoquinone (quinone), CgH^02, M.P. 116°, is solu- 
ble in water. With phenol, quinone forms pheno- 
quinone, C6H40a'2CeH60H, crystallizing in red 
needles, melting at 71°. Phenoquinone is turned 
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blue by caustic potash, green by barium hydroxide. 
Quiuone liberates iodine from potassium iodide. 

o-Qulnone forms bright red crystals. It has no 
smell and is not volatile. It is reduced by sul- 
phurous acid to catechol. 

a-Naphthoquinone, CioHg02, M.P. 125°, is yellow and 
on oxidation with nitric acid, forms phthalic acid. 

y9-Naphthoqainone decomposes about 120°. It 
crystallizes in red needles. It is odourless and non- 
volatile. 

Anthraquinone, C^ja^fi2y M.P. 273°, when treated 
with zinc dust and caustic soda, produces oxanthranol, 

C6H4<^ ^Q }>C6H4, which is red. The latter 

compound is easily oxidized on standing in air, 
anthraquinone being again formed. 

Phenanthraquinone, M.P. 205°, is not reduced by 
sulphur dioxide. It dissolves in concentrated sul- 
phuric acid to a dark green solution. When ignited 
with zinc dust, phenanthraquinone gives phenan- 
threne. The monoxime CiiHsO : NOH melts at 
168°. 

Chloranil (tetrachlorquinone), C^Cl^Oa, forms 
golden-yellow leaflets, with a smell reminiscent of 
Harris tweed. It sublimes undecomposed. With 
caustic potash it forms the purple potassium chlor- 
anilate, CeCla(OK)202. By the addition of acid to 
the latter, chloranilic acid, which crystallizes in 
reddish scales, is liberated. 
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XIX. CARBOHYDRATES. 

These are solids, which, with the exception of starch, 
are soluble in water. 

d-Glucose (dextrose), CflHiaOejHaO, M.P. 86°. 
The anhydrous compound melts at 145°. Glucose 
reduces Fehling's solution. Glucosazone melts at 
204-205°. Glucose pentabenzoate melts at 179°. 

Pbepabation or the Osazone. — One gram of 
the sugar is dissolved in 5 cc. water, and 4 grams 
phenylhydrazine in 5 grams glacial acetic acid are 
added. The solution is heated on a water-bath for 
about ten minutes, when the osazone separates in 
yellow crystals. These are dried and the melting- 
point determined. This should be done quickly 
as the osazone decomposes to some extent in the 
neighbourhood of the melting-point. 

Galactose, M.P. 163-164°. The osazone melts at 
193-194°. 

Fructose (laevulose), M.P. 95°. With phenyl- 
hydrazine it gives d-glucosazone. The pentaben- 
zoate melts at 78-79°. 

Cane Sugar, C12H22O11, melting at 160°, does not 
reduce Fehling's solution. When boiled with dilute 
acids, glucose and fructose are produced. It forms 
no osazone. With benzoyl chloride it gives a hexa- 
benzoate, melting at 109°. 

Laetose (Milk sugar), Ci2Ha20ii,HaO, becomes 
anhydrous at 140°, and melts with decomposition 
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at 205®. The osazone melts at 200°. Lactose 
reduces Fehling's solution. 

Maltose, Ci2H2aOu,H20, loses water at 100®. 
When boiled with dilute acids, glucose is formed. 
The osazone melts at 190-191®. 

Starch (CeHioOs)^, with iodine gives a blue colour, 
which disappears on heating. Starch is hydrolysed 
by heating with dilute acids, forming glucose. On 
boiling with water starch swells up and partially 
dissolves. 



XX. GLUCOSIDES. 

These, on hydrolysis with dilute acids or alkalies, 
give a sugar — generally glucose — ^and other sub- 
stances. 

Hyronic Acid, C10H19O10NS2, usually occurs as the 
potassium salt. When boiled with barium hy- 
droxide it is decomposed into glucose, allyl isothio- 
cyanate {see p. 92) and potassium hydrogen 
sulphate. 

Arbutin, C6H4<Qg'^'^^'^ [^j, is soluble in water. 

When ferric chloride is added to the aqueous solu- 
tion, the latter is turned deep blue. On hydrolysis 
with dilute sulphuric acid, glucose and hydroquin- 
one are produced. 

SaUcin, C«H4<g]^«^^^^0« (^y^, melting at 201®, on 



s 
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hydrolysis gives glucose and saligenin. Con- 
centrated sulphuric acid produces a deep red 
colour. It is oxidized by chromic acid mixture to 
carbon dioxide, formic acid and salicyl aldehyde. 

Amygdalin, C2oH270iiN,3HaO, loses water at 120^ 
melting at 200° and is hydrolysed by dilute acids 
into glucose, benzaldehyde and hydrocyanic acid.. 

Hellcln, CflH4<2^'Q ''^*, iH^O, loses water at 

100° and melts at 176°. On hydrolysis with dilute 
acids it gives glucose and salicyl aldehyde. 



XXI. AMINES. 

ALIPHATIC AMINES. 

The lower members are mflammable gases possessing 
an ammoniacal odour and are readily soluble in 
water, while the hi^er members are liquids. With 
acids th^ey form salts which are soluble in water and 
in alcohol. 

Nitrous Acid converts primary amines into the cor- 
responding alcohols, with evolution of nitrogen — 

E-NHa + HONO = E-OH + Na + H^O. 

Secondary amines are converted into yellow 
nitrosoamines — 

EaNH +HONO =E2N-N0 +HaO. 

Tertiary amines are unacted upon. 
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Method. — ^A small quantity of the amine is dis- 
solved in dilute hydrochloric acid, care being taken 
that an excess of acid is present. To the cooled 
solution, a solution of sodium nitrite is added until 
free nitrous acid is present (starch iodine test). 

Primary amines are also distinguished by giving 
the carbylamine test with chloroform and alcohoUc 
potash — 
R-NHa + CHCI3 + 3K0H = R-NC + 3KC1 + 3H2O. 

Method. — ^About 0-1 gram of the amine is mixed 
with 3 drops chloroform and about 2 cc. alcoholic 
potash solution, and gently heated. A disgusting 
smeU of carbylamine is evolved. 

N.B. — ^The lower aliphatic amines are usually 
met with as salts. 

Methylamine Hydrochloride, CH3NH2*HC1, forms 
deUquescent crystals. 

Ethylamlne, C2H5NH2, B.P. 18-19°. The hydro- 
chloride melts at 76-80"*. 

Diethylamine,(C2H5)2NH,B.P. 66^ M.P. of hydro- 
chloride 215-217"*. 

Triethylamine, (C2H5)3N, B.P. 89"*. 

Propylamine, (C3H7)NH2, B.P. 49°. The hydro- 
chloride melts at 167-168°. 

Isopropylamine, (CH3)aCHNH2, B.P. 31-32°. The 
hydrochloride is deUquescent. 

w-Butylamine, C4H^H2, B.P. 76°. 

w-Amylamine, C5H11NH2, B.P. 103°. 

AUylamine, CH2 : CH-CH2NH2. B.P. 66°. 

Ethylenedlamine, C2H4(NH2)2, B.P. 116°. Nitrous 
acid converts it into* ethylene oxid^, 
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Tetramethylenediamine (putrescine), C4H8(NH2)2, 
M.P. 27-28°. 

Pentamethylene Diamine (cadaverine), C6Hio(NH2)2. 
B.P. 178-179°. 

AROMATIC AMINES. 

These are Kquids or soKds, and behave in many 
respects like the aliphatic amines. The 'primary 
compounds give the carbylamine reaction. 

Action of Nitrous Acid. — ^If the amino group is 
in the nucleus there are formed in cold acid solution 
diazonium salts, which on heating evolve nitrogen 
and produce phenols. If to a solution of a diazonium 
salt y3-naphthol in caustic soda is added, a coloured 
precipitate of an azo-compound appears. 

Preparation of a Diazonium Salt. — ^The amine 
is dissolved in a large excess of dilute hydrochloric 
acid and cooled in ice-water. Sodium nitrite solu- 
tion is added in small quantities at a time, the mix- 
ture being well shaken after each addition, until, 
after standing for a few minutes, free nitrous acid 
can be detected by starch-iodide paper. 

If the amino group is in the side chain, no diazon- 
ium salt is formed, and the amine behaves like the 
aliphatic compounds. 

With sec(yndary aromatic amines, nitroso-deriva- 
tives are formed, as in the case of aliphatic com- 
pounds. 

Dialkylanilines with nitrous acid form para- 
nitroso compounds, the free bases of which are 
usually green, while the hydrochlorides are orange- 
coloured. 
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To completely identify an aromatic amine, its 
acetyl compound is prepared and its melting-point 
determined. 

Method. — ^To 1 gram of the amine is added 1 gram 
acetic anhydride. The solid acetyl compound 
usually separates immediately. It is recrystallized 
from water or alcohol and its melting-point taken. 

Aniline, CeHgNHa, B.P. 182-183^. A chip of 
pine wood dipped first in hydrochloric acid and then 
in aniline, is turned yellow. Bleaching powder 
solution, when shaken with aniline becomes violet. 
On diazotizing and warming, aniline is converted 
into phenol. Acetanilide melts at 112°. 

Methylaniline, CeHgNHCHa, B.P. 193-194°, forms 
a nitroso-derivative, CeHgNCHa-NO, M.P. 12-16°. 
The acetyl derivative melts at 101-102°. 

Dimethylaniline, CeH6N(CH3)2, boils at 196°. The 
para-nitroso compound, which can be separated from 
its salts by means of sodium carbonate and extrac- 
tion with ether, forms green crystals of metallic 
appearance, melting at 86°. 

Ethylaniline, CeHfiNHCaHg, B.P. 206°. The acetyl 
derivative melts at 64-6°. 

Diethylaniline, CeHgNCCaHB)^, B.P. 213-214°. 
p-Nitroso-compound M.P. 84°. 

Diphenylamlne, (C6H6)2NH, melts at 64° and has a 
pleasant odour. The nitroso-derivative melts at 
66-6°. 

Triphenylamlne, (C6H5)3N, M.P. 127°. With con- 
centrated sulphuric acid, there is produced a violet 
colouration, which changes to green. 
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o-Toluidlne, CeH4<^g' , boils at 197^ Ferrio 

ohloride precipitates a blue compound from its solu- 
tion in hydrochloric acid. The acetyl compound 
melts at 110°. 

m-ToluIdine, B.P. 202°. The acetyl compound 
melts at 65°. 

p-Toluidine, M.P. 45°. The melting point of the 
acetyl compound is 163°. 

o-Naphthylamlne, CioHyNHa, M.P. 60°. On oxida- 
tion with chromic acid, o-naphthaquinone is pro- 
duced. 

)8-Naphthylamine, M.P. 111-112°. Potassium per- 
manganate oxidizes it to phthalic acid. 

Benzylamine, CeHB-CHaNHj, B.P. 183-185° is 
strongly alkaline. 

o-Phenylenediamine, CaH4<^g*, M.P. 102°. When 

ferric chloride is added to the hydrochloric acid 
solution, a dark, red colouration is produced, and 
there quickly' eieparate red needles of diamido- 

phenazine Cerf45|j^>C«Ha (NHa)a. The di-acetyl 

N 

compound of o-phenylenediamine melts at 186-186°. 

m^Phenylenediamine^.M.P. 63°. Dilute nitrous acid 

produces a brown colouration owing to the formation 

NHa 

^NHa 
of Bismarck Brown 



\i 




-N:N - 



NH, 
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p-Phenylenediamlne, M.P. 147^. When about 04 
gram is dissolved in dilute hydrochloric acid and a 
little sulphuretted hydrogen water added along with 
a few drops of ferric chloride solution, and the mix- 
ture warmed, there appears a deep violet colouration 
(the so-called Lauth violet ), 



HN = <( y =N - <;^ ^NHa 

Benzidine, NHaCeH^-CflH^NHa melting at 122°, 
forms silvery leaflets, easily soluble in hot water and 
alcohol. The sulphate is insoluble in water. 

# 

HALOGEN* AMINES. 

pi 
o-Chloroanlline^ C«H*<NH » ^P- 207°. The 

acetyl compound melts at 87-88°. 

m^Chloromffihe, B.P. 230°. M.P. of acetyl com- 
pound, 72-6°. 

p-Ghloroaniline, M.P. • 70°. M.P. of acetyl com- 
pound, 172-6°. 

o-Bromoaniline, CeH4<^g , M.P. 31°. M.P. of 

acetyl compound, 99°. 

??^.Bromoaniline, M.P. 18°, B.P. 251°. M.P. of 
acetyl compound, 87' 6°. 

p-Bromoaniline, M.P. 63°. M.P. of acetyl com- 
pound, 167-168°, 
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a 

8ym. Trichloroanlline, NHa/ \ci, M.P. 

S CI 

77-6''. M.P. of acetyl compound, 204°. 

Sym. Tribromoanlline, M.P. 119-120°. M.P. of 
acetyl compound, 232°. 



XXII. NITRO-COMPOUNDS. 

AUPHATIC NITRO-COMPOUNDS. 

These are agreeably-smelling liquids, soluble in 
water. Many of them dissolve in alkalies. 

Action of Nitrous Acid. — ^With a primary ali- 
phatic nitro-compound nitrous acid produces a red 
colouration due to the formation of a nitrolic acid, 

E-CH^Oa + HONO= E-C<^2f + H2O. 

The potassium salt is red. 

With a secondary compound there is produced a 
dark blue colouration, a pseudo-nitrol being formed — 

R2CHNO2 + HONO = R2C<^2^ + H,0. 

Tertiary compounds are unacted upon by nitrous 
acid. 

Method. — ^A small quantity of the compound is 
shaken in a test-tube with sufficient caustic soda to 
form a clelur solution. A few drops of a solution of 
sodium nitrite are added and finally dilute sulphurio 
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acid drop by drop. In the case of a primary com- 
pound excess of acid destroys the red colouration, 
which, however, is restored by addition of caustic 
soda. 

Reduction. — Nitro-compounds are readily re- 
duced to amines. 

Method. — A few pieces of granulated zinc are 
placed on a test-tube and covered with caustic potash 
solution. Two cc. of the nitro-compound are intro- 
duced and the mixture warmed. The amine will 
be observed by its smell and its action on red litmus 
paper. 

Nitromethane, CH3NO2, B.P. 101°. Alcoholic 
caustic soda precipitates the sodium compound, 
CH2:N02Na. Concentrated hydrochloric acid de- 
composes it with formation of formic acid. 

Hitroethane, C2H5NO2, B.P. 114-116°. Concen- 
trated hydrochloric acid converts it into acetic acid. 

Hltropropane, C3H7NO2, B.P. 130-131°. 

Tertiary Nitrobutane, (CH3)3-CN02, is crystalline, 
melting at 24°. It is insoluble in alkaUes. 

AROMATIC NITRO-COMPOUNDS. 

These are generally yellow oils or solids, insoluble 
in water, dilute hydrochloric acid or dilute caustic 
soda solution. Di-nitro and tri-nitro compounds 
impart a deep yellow colour to caustic soda solution. 

They are reduced to amines by acid reducing 
agents. 

Method. — A small quantity of the nitro-compound 



\ 
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is treated with zinc dust and hydrochloric acid, heat 
being applied if necessary. The mixture is diluted 
and rendered alkaline with caustic soda. It is then 
extracted with ether and the amine identified. 

Nitrobenzene, CeHgNOa, B.P. 209°, is a yellow oil 
with an odour of bitter almonds. On reduction it 
yields aniline. 

o-Nitrotoluene, C6H4<^Q^ boils at 218°. It gives 

o-toluidine on reduction. 

in-Nitrotoluene, melts at 16°, and boils at 230-231'^. 
p-Nitrotoluene, M.P. 54°. 

o-Dinitrobenzene, C6H4<JJq', M.P. 117-118°. On 

reduction it gives o-phenylenediamine. 

m^Dinitrobenzene, M.P. 91°. 

p-Dinitrobenzene, M.P. 171-172°. 

a-Nitronaphthalene, C10H7NO2, melting at 61°, on 
reduction yields a-naphthylamine and with chromic 
acid is oxidized to nitrophthalic acid. 

y3-Nitronaphthalene, M.P. 79°, gives on reduction 
)8-naphthylamine. 



NTTROPHENOLS. 

These compounds, on reduction with tin and 

hydrochloric acid, yield aminophenols. 

NO 
o-NitrophenoI, GeELi<:;^^^^, melting at 44°, has an 

intense yellow colour and a peculiar odour. It is 
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easily volatile in steam. The sodium salt gives a 
red solution in water. 

m-Nitrophenol, M.P. 96°, forms sulphur-yeUow 
crystals. 

p-Nitrophenol, M.P. 114°, forms colourless needles 
which turn pink on exposure to air. The potassium 
salt is yeUow. Phosphorus pentachloride converts 
the phenol into p-chloronitrobenzene, M.P. 83°. 

OH 



Picric Acid, ^^ 



^^''M.P. 122-123° forms 



NO a 

yeUow leaflets soluble in hot water. With aromatic 
hydrocarbons crystalline molecular compounds are 
obtained {see Naphthalene, p. 17). When picric 
acid is warmed with a concentrated solution of potas- 
sium cyanide, a dark red solution of isopurpuric acid 
is produced. 

NTTROKETONES. 

o-Nitroaoetophenone, C6H4N02CO'CH3, is an oil with 
a peculiar smell. It is oxidized by potassium per- 
manganate to o^nitrobenzoic acid. 

)n-Nitroacetophenone forms needles melting at 80- 
81°. The oxime melts at 131°. 

p-Nitroacetophenone, crystallizes in yellow prisms, 
melting at 80-81°. 

NITROANILINES. 

These are solids, yeUow or orange in colour. They 
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have basic properties and are soluble in acids. On 
reduction with tin and hydrochloric acid the 
corresponding diamines are produced. 

NO 
o-HitroanlIine,CeH4<^^TT*, crystallizes in orange- 

yeUow needles, melting at 71°. When boiled 
with alkali it loses ammonia with production of 
o-nitrophenol. The acetyl derivative melts at 92°. 

TT^Nitroaniline, melting at 114°, forms yeUow 
needles and is not acted on by alkali. The acetyl 
compound melts at 150°. 

2>-Nitroaniline, M.P. 147°, is decomposed by boiling 
alkaU solution into ammonia and j7-nitrophenol. 
The acetyl compound melts at 207°. 

NHa 



Picramide, 



^ * , forms orange-red 



NOa 
needles melting at 188°. When heated with alkali, 
alkali picrate is formed, and ammonia is evolved. 



XXIII. NITROSO-COMPOUNDS. 

Nitrosobenzene, CsHsNO, M.P. 68°, when fused or 

in solution has an intense greenish-blue colour. 

NO 
;>-Nitrosoaniline, C6H4<[^^tt > forms steel-blue 



/ 
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needles, melting at 174°. On boiling with caustic 
soda, it forms ammonia and ;>-nitrosophenol. 

p-Nitrosophenol, OeH4<^2, M.P. 126^ is slightly 

soluble in water, giving a light green solution. It 
is reduced by tin and hydrochloric acid to p-amino- 
phenol. Concentrated nitric acid oxidizes it to 
p-nitrophenol. 

Methyl-;>-nitrosoaniline, ^^"^*^NTTPH (J\' ^^''^^ 

large crystals with metallic lustre, M.P. 118°. When 
boiled with caustic soda solution, it is decomposed 
into nitrosophenol and methylamine. 

C6H4<;;]jjjj.^jj + HaO = C6H4<^g. + CHsNHa. 

NO 
p-Nitrosodimefhylaniline, CeH4<rt;;^TT x > forms 

green crystals, melting at 85°. The hydrochloride is 
yellow and is soluble with difficulty in water. Dilute 
caustic soda solution on warming decomposes the 
base into p-nitrosophenol and dimethylamine. It 
does not give Liebermann's nitroso reaction. 

o^Nitrosonaphthol (a-naphthoquinone oxime), 
CioH6(OH)(NO) 1 : 4, forms needles melting with 
decomposition at 193-194°. 

/8-Nitrosonaphthol (y3-naphthoquinone oxime), 
CioH«(OH)(NO) 1 : 2, crystallizes in yeUowish^green 
needles, melting with decomposition at 162°. It 
dissolves in concentrated sulphuric acid with an 
intense red colour. When a neutral solution of the 
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sodium salt of )8-nitroso-naphthol is added to a cobalt 
salt solution, a brown-red precipitate is formed. 



XXIV. NITRILES AND ISONI- 

TRILES. 

The nitriles are liquids or solids of low melting-point, 
and have an agreeable odour. When boiled with 
strong mineral acids they are hydrolysed into the 
corresponding acids — 

CH3CN + 2H2O = CH3COOH + NH3 

With nascent hydrogen they are reduced to amines. 

CHaCN + 4H = CH3.CH2NH2. 

Hydrolysis of Nitriles. — ^Two cc. of the sub- 
stance are boiled for some time with about 20 cc. 
concentrated hydrochloric acid. The liquid is then 
rendered alkaline with caustic soda and heated. 

The residual Uquid is tested for the fatty acid. 

Ebduotion of Nitriles. — One cc. of the sub- 
stance is treated with 10 cc. dilute hydrochloric acid 
and a little zinc dust. The solution is rendered 
alkaline with caustic soda, and the amine identified. 

Acetonitrile, CHa'CN. is a colourless liquid, boiling 
at 81-82^ 

Benzonitrile, CeHg-CN, B.P. 191°, is an oil with the 
odour of bitter almonds. 

Isonitriles or Carbylamines are not usually met with 
unless in testing for primary amines. They are 
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liquids possessing a disgusting odour. On hydro- 
lysis with acids they yield formic acid and an 
amine. 

R-N=C +2HjO=R-NH» +H-COOH. 



XXV. ISOCYANATES. 

These are liquids, which, when digested with caustic 
potash yield primary amines and potassium carbon- 
ate, and with acids, a salt of a primary amine and 
carbon dioxide — 

R-N : C : +HaO =RN-Ha +COa. 

Methyl Isocyanate, B.P. W. 
Ethyl Isocyanate, B.P. 60"". 
AUyl Isocyanato, B.P. 82°. 
Phenyl Bocyanate, B.P. 165-166°. 



XXVI. UREAS AND UREIDES. 

When ureas and alkyl ureas are digested with caustic 
soda solution sodium carbonate remains, while 
from the former ammonia is evolved, from the latter 
amines. In the case of ureides, ammonia or amines 
may be given off, and the residue consists of sodium 
carbonate and the sodium salt of the acid of the 
ureide. 
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CO^' +2NaOH =NaaC03 +2NH3. 

"- — NJcla 

^^HCHa ^ 2NaOH=NaaC03+CH3.NHa+NH3 

CO— NH COONa 

I >C0 + 4NaOH = Na^COa + | + 

CO— NH COONa 

2NH3 

Urea, 66^^*, M.P. 132-133'', is a colourless solids 
--^NH2 

When treated with nitrous acid it is decomposed 

into nitrogen and carbon dioxide — 

C0(NH2)2 + 2H0N0 = COa + 2N2 + 3H2O. 
With a solution of sodium hypobromite it gives the 
same decomposition products — 

CO(NH2)2 + 3NaBrO=C02 + 3NaBr+Na+ 2H2O. 

BiUBBT Reaction. — ^When urea is heated above its 
melting-point, ammonia is evolved and a residue of 
biuret remains — 

2CO(NH2)2 = NH3+NHa-CO-NH-CO-NHa. 

When the biuret is dissolved in water and copper 

sulphate added and then caustic potash drop by 

drop, a violet colouration appears. 

^NHCHa 
Methylurea, CO , crystallizes in prisms, 

melting at 102°. On heating for some time it decom- 
poses into ammonia, methylamine and the dimethyl 
ester of cyanuric acid, which melts at 222°. 
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Ethylurea, CO , melts at 92®. It decom- 

poses on heating, into ammonia, ethylamine and 
the diethyl ester of cyanuric acid, M.P. 173°. 

CO— NH 
Parabanlc Acid (Oxalylurea), | }>C0, on 

CO— NH 

heating with caustic potash solution gives potassium 
oxalate, potassium carbonate and ammonia. 

^NHCO 
Barbituric Acid (Malonylurea ), CO ^^>CH2, on 

"--NHCO 

heating with caustic potash solution yields potassium 
malonate, potassium carbonate and ammonia. 

^NHCO 
Alloxan (Mesoxalylurea), CO ^>C0, has an 

^NHCO 

acid reaction. Ferrous sulphate gives a deep blue 
colour to the solution. When alloxan is boiled with 
dilute nitric acid, it is decomposed into parabanic 
acid and carbon dioxide. 

^NH„ 
Guanidine, C^H, is a deliquescent strongly 

^NHa 

basic substance. The nitrate, M.P. 214°, dissolves 
with difficulty in water. When boiled with alkaUes, 
guanidine is decomposed giving ammonia and alkali 
carbonate. 
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XXVII. URIC ACID GROUP. 

NH -co 

Uric Acid, CO C - NH^ 

^CO, is insoluble in 



NH - C-NH 

alcohol, and practically insoluble in water. 

1. When the acid is heated with soda lime 
ammonia is evolved. 

2. MxjBBXiDE Test. — ^A small quantity of the acid 
is moistened with concentrated nitric acid, and the 
mixture evaporated to dryness in a porcelain basin 
on a water-bath. There remains a reddish residue, 
which on addition of dilute ammonia solution 
changes to purple red, while alkali produces a violet 
colouration. 

3. Fehhng's solution is reduced by uric acid. 

4. If a little of the acid be dissolved in a drop of 
caustic soda solution and this placed on filter paper 
which has been moistened with a solution of silver 
nitrate, a dark brown spot of metallic silver is 
immediately produced. 

5. On dry distillation, uric acid decomposes 
without melting, giving off ammonia and hydro- 
cyanic acid. 



.' u 



,4 
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NH-CO 

Xanthine, CO — NHy is a colourless 

I II ^CH 

NH -C N^ 

powder, soluble with difficulty in water, but very 
easily soluble in alkalies. 

men a small quantity of xanthine is warmed with 
freshly-made chlorine water and a trace of nitric 
acid until evolution of gas ceases, the solution 
then catefully evaporated to dryness, and the solid 
exposed to ammonia gas, a rose-red colour is pro- 
duced. 

If xanthine be evaporated with nitric acid (Sp. 
Gr. 1 -4), the residue is yellow. On addition of caustic 
potash it becomes yellowish red, and on warming 
violet-red. 

CH3N - CO 
Caffeine, CO C - NCH3 M.P. 226-229°, 

I II Nc^ . 

CH,N - C-N/ 

is fairly soluble in water and in alcohol. 

When evaporated with concentrated nitric acid 
it gives the murexide test {see Uric Acid). 

When caffeine is evaporated with chlorine water, 
it leaves a purple red residue, which on strongly 
heating becomes yellow, but on addition of ammonia 
is changed to red. 
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XXVIII. HALOGEN COMPOUNDS, 

ALIPHATIC. 

The alkyl halides are liquids which have a high 
specific gravity, and are practically insoluble in 
water. They are hydrolysed to the corresponding 
alcohols by warming with an excess of alkali 
solution. 

Ethyl bromide, CaHjBr, B.P. 39**. 

w^Propyl bromide, CgHrBr, B.P. 71°. 

Isopropyl bromide, CHa-CHBr.CHa, B.P. 69-60°. 

Methyl iodide, B.P. 43°. 

Ethyl iodide, B.P. 72°. 

Propyl iodide, B.P. 102°. 

Isopropyl iodide, B.P. 89-6°. 

AUyl chloride, CHa : CH-CHaa, B.P. 46°, has a 
leek-like odour. 

AUyl bromide, B.P. 70-71°. 

Allyl iodide, B.P. 102-103°. 

Methylene iodide, CH2I2', boils at 180° with partial 
decomposition. 

Ethylene chloride, CHaa-CHaCl, B.P. 84°. 

Ethylene bromide, B.P. 131-132°. 

Ethylene iodide, melts at 81-82°. 

Chlorotonn, CHCla, B.P. 61*6°, is a colourless 
non-inflammable liquid. When boiled with alco- 
holic caustic potash, potassium formate and potas- 
sium chloride are formed — 

OHCI3 + 4K0H = H-COOK + 3KC1 + 2H;0, 
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The carbylamine test may ako be applied {see 
page 11). 

Bromofonn, CHBrg, B.P. 161°. 

lodofonn, CHI3, M.P. 119-120°, crystallizes in 
brilliant yellow leaflets of a characteristic odour. 

Carbon tetrachloride, CCl*, B.P. 76-77°, is a pleasant 
smelling liquid. When treated with zinc and 
hydrochloric acid, it is reduced to chloroform. 
On heating with alcoholic potash it is decomposed 
into potassium carbonate and potassium chloride. 

CCI4 + 6K0H = K2CO3 + 4KC1 + 3HaO. 

AROMATIC HALOGEN COMPOUNDS 

are divided into two classes : — 

1. True aromatic halogen compounds, i.e. those 
with the halogen attached to the benzene nucleus, 

2. Those with the halogen in the side chain. 
The members of the first class are colourless 

Uquids or solids, with a faint, agreeable odour. 
They are insoluble in water, but readily soluble 
in the other common solvents. They easily form 
nitro-derivatives. Caustic alkali does not readily 
remove the halogen from these compounds. 

Monochlorobenzene, CeH^Cl, B.P. 132°. 

o-Dichlorobenzene, C^H^CL,, B.P. 179°. 

m-Dichlorobenzene, B.P. 172°. 

^Dichlorobenzene, M.P. 63°. 

Monobromobenzene, CeHfiBr, B.P. 166-167°. 

o-Diteomobenzene, C^H^Bra, B.P. 224°. 

i?»-Dibromobenzene, B.P. 219°. 
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p-Dibromobenzene, M.P. 89^. 
lodobenzene, CeH.I, B.P. 188^ 

o-Chlorotoluene, CaH4<^j^* , B.P. 166°. 

tn^Chlorotoliiene, B.P. 160''. 
p-Chlorotoluene, B.P. 163"". 

o-BromotolTiene, CeH^<^^' , B.P. 181**. 

tn^Bromotoluene, B.P. 183-184°. 
p-Bromotoluene, M.P. 28-29°. 
o-Chloronaphthalene, C10H7CI, B.P. 263°. 
/S-Cbloronaphthalene, M.P. 66°, B.P. 266°. 

The compounds with halogen in the side chain 
behave like aliphatic halogen compounds. 

Benzyl chloride, CeHa-CHaCl, B.P. 176°, when 
boiled with a solution of copper nitrate, benzaldehyde 
is formed— 

2C«H5-CHaCl +Cu(N03)2= 2CeH5-CHO+ CuCU + 

2HN0a. 

Benzal ehloride (benzylidene chloride), CeHs^CHCla, 
B.P. 206°, forms benzaldehyde, when heated with 
milk of lime — 

CeH5-CHCU+Ca(OH)a=C6H5-CHO+Caa3+H30. 

BenzotricWoride, CeHR-Caa, B.P. 213°,on heatmg 
with milk of Ume, gives calcium benzoate — 

2CflH5-CCl3 +4Ca(0H)a = (C!6H5-COO)2Ca + 

3CaCl2 + 4H2O. 
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XXIX. AZO COMPOUNDS. 

These compounds are coloured solids, which on 
reduction produce amino compounds. 

CeH5N:NC«H5 + 4H = CeHgNHa + CeH5NH,. 

aiobensene 

C,H J^:NCH4NH,+4H = C,H5NH,-fCH4(NH,), 

p-amidoaiobeniene p-phenylenedlunine 

CHgNiNCiHtOH+ffl = CHgNHs+CaH^NHjOH 

p-oxyaiobemene p-aminophenol 

SOsHCH^N : NC,H4N(CH,), + 4H = 

Helianthine 

S0,HC«H4NH, +NH,C.H«N(CH,), 

SulphanlUo add p-amido-dimethylanUine 

Method of Reduction. — ^About 3 grams of the 
conipound are warmed with zinc dust and water 
until the colour has disappeared. The mixture is 
then extracted with ether and the ethereal solution 
evaporated to dryness. The residue may be : — 

1. A mixture of two amines. 

2. A mixture of an amine and an aminophenol. 

3. A mixture of an amine and an aminosulphonic 
acid. 

MiXTTJBB OF Two AMINES. — ^Thc residue of liquid 
is distilled and the first and last fractions treated 
with acetic anhydride. The acetyl compounds 
thus formed are then identified by their melting 
points. 

MiXTUBE OF AN AmINB AND AN AmINOFHENOL. — 

The aminophenol is extracted from the mixture with 
alkali. 
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MiXTUBB OF AN AmTNE AND AN AmINOSULPHONIO 

AoiD. — ^The mixture is neutralized with alkaK, the 
amine extracted with ether, and identified. The 
aminosulphonic acid is liberated by adding hydro- 
chloric acid to the alkali salt. 

Azobenzene, CflHsN : NCaHfi, M.P. 68°, is easily 
soluble in alcohol. When treated with tin and 
hydrochloric acid, benzidine is produced. 

j9-Aminoazobenzene, CeHgN : NCeHiNHa, forms 
yellow leaflets melting at 125-126°. It is oxidized 
by sulphuric acid and manganese dioxide with 
formation of quinone. The hydrochloride crystal- 
Uzes in steel-blue needles. The acetyl derivative 
melts at 142°. 

Diaminoazobenzene, CeH^N : NCflH3<^' JJJ 

forms yellow needles, M.P. 117°. On reduction it 
yields aniline and triaminobenzene, M.P. 132°. 
The hydrochloride of diaminoazobenzene is known 
as chrysoidine. 

Triaminoazobenzene, NHAH4N:NCaH3<^'|^j, 

M.P. 143°. 

Helianthine, SOsHCeH^N : NC6H4N(CH3)2, forms 
glistening violet leaflets. On reduction it yields 
sulphanilic acid and ^^-amino-dimethylaniline, M.P. 
41°. The sodium salt is known as Methyl Orange. 

The following, which are related to the azo- 
compounds, should also be mentioned. 

Hydrazobenzene, CeHgNH -NHCeHB, M.P. 131°, 
forms colourless leaflets, which are insoluble in water. 
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If its alcoholic solution be exposed to air, azo- 
benzene is produced. Powerful reducing agents 
decompose it into aniline. 

Azoxybenzene, CaHgN — NCeHs, crystallizes in long 



yellow needles, M.P. 36°. It is insoluble in water. 
On distillation it decoinposes into azobenzene and 
aniline. 

Diazoaminobenzene, CeH^N : N-NHCeHs, melts at 
96° and explodes at higher temperatures. 



XXX. PYRIDINE AND 
QUINOLINE GROUP. 

Pyridine, CgHgN, B.P. 116°, has a strong char- 
acteristic odour, and is miscible in all proportions 
with water, alcohol and ether. It forms salts with 
acids. On reduction with sodium and alcohol, 
piperidine is produced. 

Piperidine, CsHnN, B.P. 106°, is a colourless liquid 
with a characteristic odour. It is miscible with 
water, alcohol and ether. It is a secondary amine. 

Quinoline, CqHyN, B.P. 239°, is sparingly soluble 
in water. The hydrochloride is crystalline. With 
methyl iodide quinoline forms a yellow crystalline 
compound melting at 72°. 
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XXXI. ALKALOIDS. 

The alkaloids are nearly all solids, easily soluble in 
alcohol, soluble with difficulty in ether, chloroform 
and benzene, and sparingly soluble or insoluble in 
water. Most are optically active, generally laevo- 
rotatory. They dissolve readily in dilute acids 
with formation of salts, from which the alkaloid is 
precipitated on addition of an alkali. Morphine, 
however, is soluble in excess of sodium hydroxide. 
The following reactions are given by almost all 
the alkaloids : — 

1. When an alkaloid is heated in a dry test-tube, 
decomposition takes place with production of a 
smell like burning feathers. 

2. A solution of iodine in potassium iodide pro- 
duces a brown flocculent precipitate in solutions 
of salts of the alkaloids, best when acidified with 
dilute sulphuric acid. 

3. Phosphomolybdic acid ^ produces a yellow 
precipitate in solutions of all the alkaloids. The 
precipitate is soluble in alkalies and alkaline car- 
bonates. 

4. Potassium mercuric iodide ^ produces a white 
or yellowish white precipitate in solutions of salts 
of alkaloids. The precipitates are insoluble in 
dilute hydrochloric acid. 

5. Aqueous solutions of tannic acid and of picric 
acid precipitate all or nearly all the alkaloids from 
solutions of their salts. 

^ See Appendix. ^ See Appendix. 
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CH, 

CH N 



Nicotine, {| | | I is a colour- 

HC CH HaC CHa, 

N 

less oil with an unpleasant smell, B.P. 247**. 

Picric acid produces an amorphous precipitate 
which readily crystallizes in small yellow needles 
melting at 218°. 

Quinine, when anhydrous melts at 177**. The 
normal salts are sparingly soluble, the acid salts 
very soluble. 

Solutions of quinine salts, when acidified with 
sulphuric acid show a fine blue fluorescence. 

Concentrated sulphuric acid dissolves the alkaloid 
to a colourless solution, which on heating turns 
brown and yellow. 

When a solution of a quinine salt is mixed with 
one-fifth of its volume of chlorine water and then 
with an excess of ammonia, an emerald green 
colour is produced. If a Kttle potassium ferro- 
cyanide solution be added after the chlorine water 
and then a few drops of ammonia, the solution 
becomes deep red in colour. 

Cinehonine, M.P. 250"*. 

When chlorine water and an excess of ammonia 
are added to a solution of a cinchonine salt, a 
yellowish white precipitate is formed. 
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When potassium ferrocyanide is added to a 
neutral or slightly acid solution of a oinchonine 
salt, a yellowish white flocculent precipitate is 
produced. 

When chlorine water is added drop by drop to a 
solution of a brucine salt, there is produced a red 
colouration which is destroyed by excess of chlorine. 

Strychnine, M.P. 284°. 

If a crystal of potassium dichromate be stirred 
in a solution of the alkaloid in concentrated sul- 
phuric acid, there appears a fine blue colour, which 
changes successively to violet, red and reddish 
yellow. 

Potassium ferricyanide and also potassium chro- 
mate produce yellow crystalline precipitates in 
neutral and fairly concentrated solutions of strych- 
nine salts. 

Brucine, when anhydrous melts at 178°. 

The solution in concentrated sulphuric acid has 
at first a rose-red colour, which changes to yellow. 

Concentrated nitric acid dissolves brucine and 
its salts giving an intensely red solution, which, 
when warmed, turns yellow. If stannous chloride 
be added to this yellow solution, an intense violet 
colouration is produced. 

Morphine is soluble in dilute acids and in alkalies. 
Its salts dissolve easily in water and alcohol. 

The addition of concentrated nitric acid to the 
soUd alkaloid or a salt causes a yellowish red colour 
to appear. 
When ammonium molybdate in concentrated 



ORGANIC COMPOUNDS 89 

sulphuric acid (0-1 gram in a cc.) is placed in a 
porcelain dish and a particle of morphine added 
and crushed with a glass rod, a deep violet colour 
appears, which slowly changes to blue. 

If a few drops of a dilute neutral solution of 
ferric chloride be added to a concentrated solution 
of a morphine salt, a dark blue colouration is 
produced. The colour is destroyed by acids. 

Narcotine, M.P. 176°. 

Cold concentrated sulphuric acid dissolves the 
alkaloid, giving a yellow solution. If this be care- 
fully heated in a porcelain dish, the colour changes 
from yellow through orange to red, while a bluish 
violet colour appears at the edges. If the heating 
be continued until the acid begins to evaporate, 
the solution acquires a reddish violet colour. 

If to a solution of narcotine in concentrated 
sulphuric acid there be added 10 to 20 drops sul- 
phuric acid containing a trace of nitric acid, the 
liquid turns brown and then quickly red. 



XXXII. SULPHUR COMPOUNDS. 

(OTHER THAN SULPHONIC ACIDS AND 

DERIVATIVES.) 

Carbon Disulphide, CSa, is a highly refractive colour- 
less liquid boiling at 47°. When it is added to 
alcoholic potash, potassium xanthate is precipitated 
in yellow needles — 
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CSa + KOH + CaHsOH = CS + HaO. 

HERCAPTANS OR THIO-ALCOHOLS. 

These are colourless liquids with a disagreeable 
garlic-like odour, and are insoluble in water. 

1. Oxidation with nitric acid produces sulphonic 
acids which can be identified by conversion into their 
amides {see page 48). 

2. When a mercaptan is added to a few cc. of an 
alcoholic solution of mercuric chloride, a white 
precipitate is formed. 

3. When sodium is added to a mercaptan in 
ethereal solution, hydrogen is evolved and the 
sodium salt crystallizes in white needles. 

Ethyl mercaptan, CaHsSH, B.P. 36°. 
7i-PropyI mercaptan, C3H7SH, B.P. 68°. 
Isopropyl mercaptan, (CH3)2CHSH, B.P. 69°. 

TmOETHERS OR ALKYL SULPHIDES. 

The thioethers are colourless liquids with a 
disagreeable odour, insoluble in water, but easily 
soluble in alcohol and ether. They are characterized 
by their additive powers ; for example, they unite 
with alkyl iodides to form sulphine iodides. 

One cc. ethyl iodide is added to 1 cc. of the 
thioether and the mixture warmed. After adding 
about a gram of moist silver oxide, the mixture is 
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shaken with water, again warmed and filtered. 
The filtrate will be strongly alkaUne owing to the 
presence of trialkyl sulphoxide. 

XI2S -|- Call si = Ba-E^tSI 

RaEtSI + AgOH = RaEtS-OH + Agl. 

Methyl sulphide, (CH3)aS, B.P. 37-6^ 
Ethyl sulphide, (C2H6)2S, B.P. 92^ 
w-Propyl Sulphide, (C3H7)2S, B.P. 130-135^ 
AUyl Sulphide, (CHg-CH : CH)2S, B.P. 139-1 40^ 

forms a crystalline precipitate with alcohoUc 

mercuric chloride. 

Thiophene, C4H4S, B.P. 84^. 

When a crystal of isatin is dissolved in 2 cc. 

cone, sulphuric acid, and to this solution a few 

drops of thiophene are added, a deep blue colour is 

produced. 

COMPOUNDS CONTAINING NITROGEN AND 

SULPHUR. 

Mustard Oils or Isothiooyanatbs. 

These are liquids with a very penetrating odour. 
They are insoluble in water. Their boiling points 
are lower than those of the corresponding thio- 
cyanates. 

1. When heated to 100*^ with concentrated 
hydrochloric acid under a reflux condenser, they 
are decomposed into amines, sulphuretted hydrogen 
and oarbon dioxide — 

R.NCS +2H2O =R-NH, +COa +HaS. 
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2. Reduction by means of zinc and hydrochloric 
acid produces an amine and thiof ormaldehyde, which 
has an odour of onions — 

R-NCS + 2H, = R.NHa + H-CHS. 

3. One cc. of the mustard oil is warmed with one 
cc. aniline for a few minutes. On cooling, a 
thiourea crystallizes out, and its melting point is 
determined {see p. 93). 

^NHR 
R-NCS + CflHsNHa = CS 

^NHCcHs 

4. If 1 cc. of the mustard oil be heated with one 
gram yellow mercuric oxide, an isocyanate and a 
black precipitate of mercuric sulphide are formed. 

Methyl mustard oil, CSNCH3, M.P. 35"". 
Ethyl mustard oil, CSNCaHg, B.P. 131-132°. 
AUyl mustard oil, CSNC3H5, B.P. 160-7°. 
Phenyl mustard oil, CSNCeHg, B.P. 222°, when 
reduced with zinc dust gives benzonitrile. 

THIOUREAS. 

When a thiourea is heated with concentrated 

hydrochloric acid under a reflux condenser for 

some time and then distilled, the distillate contains 

a mustard oil. If the residue, which contains a 

guanidine derivative, be heated with concentrated 

caustic soda solution, an amine and a carbonate 

are produced. 

^NHR 
(a) CS =RNCS+R-NH, 

\NHR 
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^NHR ^NHR 

(6) CS +RNHj = C = NR +HjS 

•\NHR "^NHR 

^NHR 
(c) CNR +2NaOH+HjO=3R-NHa4-Na,CO,. 
\NHR 

^NH, 
TUouiea, CS , M.P, 172°, when boUed with 
^NH, 

alkalies, hydrochloric acid or sulphuric acid, is 
decomposed. 

^NH, 

CS + 2H,0 = COj + 2NH, + H,S. 

\NH, 

^NHCHa 
Hethylthiourea, CS , M.P. 118°. 

^NHj 

^NHCHa 
Dimethylthiourea, CS , M.P. 51-5°. 

^NHCHj 

^NHCjHb 
Ethytthlouiea, CS , M.P. 113°. 

^NHa 

^NHCaHg 
Diethylthlourea, CS , M.P. 77°. 

\NHCjH5 

^NHCHjCHiCHj 
Allylthlourea, CS , M.P. 78 -S". 

^NHCHg 
Phenylthlourea, CS , M.P. 164°. 



o 
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^NHCH« 
iSfym-Dipbenylthlouna, CS , M.P. 151 

•^NHCH, 

^NHCHg 
Phenylmethylthloutea, CS , M.P. 113°. 

•^NHCHa 

^NHCH, 
Phmylethylthlouiea, CS , M.P. 99>5°. 

\NHC,H, 

THIOCTANATES. 

1. When a thiocyanate is reduced with zinc dust 
and hydrochloric acid, a mercaptan and hydrocyanic 
acid^ are produced — 

CNSR + H, = CNH + R-SH. 

2. Boiling nitric acid oxidizes thiooyanates to 
alkyl sulphonic acids. 

Methyl thioeyanate, CNSCH,, B.P. 133°. 
Ethyl thloeyanate, CNSCiH,, B.P. 142°. 

Ally! thiocyanate, CNSCHj, B.P. 161°, rapidly 
changes on boiling to the isomeric mustard oil. 



XXXIII. TERPENES AND . 
ALLIED COMPOUNDS. 

These compounds, although possessing many of 
the properties of compounds abeady considered, 
have distinctive characteristics, thus necessitating 

^ Since hydrocyanic acid is a poison, great ccure must be 
taken in canying out this reaction. 
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their separate classification. They are neither 
aliphatic nor aromatic, and are complex in structure. 
Nevertheless, they yield characteristic derivatives 
which as a general rule can be easily identified. They 
are all highly inflammable, possess characteristic 
odours and are insoluble in water, but are readily 
soluble in most organic solvents. 

HYDROCARBONS. 

Dipentene, C10H16, B.P. 175-176°. The dihydro- 
chloride, CioHie '21101, is prepared by passing dry 
hydrochloric acid over a few cc. dipentene for 
about one hour. The dihydrochloride separates on 
pouring the mixture on ice. It is dried on a 
porous plate and recrystallized from alcohol. M.P. 
48-50°. 

Dipentene tetrabromide, CioHi(,Br4, can be made 
by adding bromine to a chloroform solution of 
dipentene, cooled to -10° by salt and ice. The 
chloroform is removed by blowing a current of dry 
air through the solution. The tetrabromide on 
recrystallization from ethyl acetate, melts at 125°. 

The active forms of dipentene are the Umonenes. 
The active tetrabromides melt at 104°. 

Pinene, C10H16, B.P. 155-156°. 

The nitrosochloride, CloHieNOCI, melts at 116°. 
It is prepared by adding 1-5 cc. 33 per cent, hydro- 
chloric acid to a mixture (cooled in ice) of 5 grams 
piaene, 5 grams glacial acetic acid, and 5 grams 
ethyl nitrite. After a short time the nitrosochloride 
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separates in large crystals. It is filtered off at the 
pump and washed with alcohol. 

Camphene, CioHie, melts at 61^. 

When heated with glacial acetic acid and a little 
sulphuric acid, camphene forms isobornyl acetate. 
On adding water the ester separates as an oil. It 
is hydrolysed with alcoholic caustic potash, the 
alcohol removed, and isobomeol is precipitated on 
addition of water. Isoborneol melts about 208° in 
a closed tube. 

Henthene, C10H18, B.P. 167-168°. The nitroso- 
chloride melts at 127°. 

ALCOHOLS. 

Terpineol, C10H17OH, melts at 35°. It forms a 
nitrosochloride melting at 112-113°. 

Bomeol, C10H17OH, M.P. 203-204°, and Iso- 
bomeol, C10H17OH, M.P. 208°, yield derivatives of 
very similar melting and boiling points. The 
phenylurethanes of both melt at 138-139°. 

Prbpaeation op aPhenylurbthane. — Molecular 
quantities of the alcohol and phenyl isocyanate ^ 
are mixed and heated rapidly to boiling. The mix- 
ture is well shaken and allowed to stand, the flask 
being closed with a calcium chloride tube. The 
unchanged phenyl isocyanate is extracted with 
benzene, and the residual urethane, after removal 
of benzene, is washed with cold water and re- 
crystallized from ethyl acetate or a mixture of 

1 This preparation should be carried out in a draught- 
oupboard. 
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ether and petroleum ether. (Solvents containing 
' ''hydroxyl" should be avoided.) 

When isobomeol is heated for some time with 
ethyl alcohol and concentrated sulphuric acid, iso- 
bomyl ethyl ether (B.P. 203-204^) is produced. 
Bomyl ethyl ether is not formed in this way. 

Menthol, C10H19OH, M.P. 42°. The phenyl- 
urethane forms needles, melting at 111°. 

KETONES. 

Carvone, C10H14O, B.P. 223-224°. On heating 
with a little acid it is converted into carvacrol. 

Camphor, CioHieO, M.P. 177-178°. The oxime 
melts at 120° ; the semicarbazone at 236°. 

Henthone, CioHieO, B.P. 208°, has a peppermint- 
like odour. The semicarbazone melts at 184°. 



XXXIV. ALBUMINS AND 
PROTEIDS. 

These are compounds of very complicated structure, 
and, with a few exceptions, do not crystallize. They 
are insoluble in the common organic solvents, but 
dissolve in aqueous solutions of acids and alkalies. 
The following are general tests for the albumins : — 
I. Millok's Bbagent (a solution of mercuric 
nitrate containing nitrous acid) gives an intense red 
colouration on heating. 
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II. Xaktho-peotbin Reaction. — By heating 
an albumin with fairly concentrated nitric acid, 
there separates a yellow flocculent precipitate 
of xanthoproteic acid, which dissolves in alkali 
giving an orange red solution. 

III. BiTJEBT Reaction. — ^When caustic potash is 
added to albumin, and then a very dilute solution 
of copper sulphate drop by drop, a fine violet- 
red colouration appears. 

Egg-albumin is soluble in water and is precipitated 
from its solutions by metaphosphoric acid and by 
acetic acid. The precipitate is soluble in excess 
of the latter. Egg-albumin treated with con- 
centrated sulphuric acid and sugar solution gives 
a red solution which changes to violet-red. 

Casein contains phosphorus. An alkaline solu- 
tion of casein dissolves cupric hydrate, giving a 
violet colour. 

Gelatine contains sulphur. It is precipitated 
from its solutions by tannin. 



Appendix. 



Melting-point Appaeatus. — ^The sketch shows an 
apparatus which is very convenient ''and gives very 
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accurate determinations. 



SPECIAL REAGENTS. 

Neutral Ferric Chloride Solution. — ^To some of 
the ferric chloride solution provided in the laboratory^ 
dilute ammonium hydroxide or ammonium carbonate 
is added drop by drop until a precipitate just begins to 
form. 

SoHiPP's Reagent. — Sulphurous acid is added to a 
dilute solution of rosaniline hydrochloride (magenta) 
until the colour just disappears. 
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Fehung's Soltjtion. — (1) 35 grams copper sulphate 
are dissolved in water and diluted to 1 litre. (2) 173 
grams sodium potassium tartrate (Bochelle salt) and 70 
grams caustic soda are dissolved in water and diluted 
to 1 litre. 

These solutions are kept in separate bottles. Equal 
volumes of each are mixed immediately before making 
A test. 

Solution op Iodine in Potassium Iodide. — 5 grams 
of iodine are dissolved in water containing 10 grams of 
potassium iodide and the solution made up to 1 litre. 
Hydriodic Acid. — ^To obtain the constant boiling 
solution (Sp. Gr. 1-7) hydriodic acid of Sp. Gr. 2-00 is 
diluted with an equal volume of water and distilled over 
a small quantity of red phosphorus. The fraction 
boiling at 125**-126** is collected separately. 

Sodium Bisulphttb (saturated solution). — Sulphur 
dioxide is passed into a saturated solution of sodium 
carbonate for some time. Solid carbonate is added, 
from time to time, until no more dissolves. The final 
solution should smell strongly of sulphur dioxide. 

Phosphomolybdic Acid. — ^To a solution of 75 grams 
ammonium molybdate in 600 cc. nitric acid (Sp. Gr. 1-2) 
and 600 cc. water, sodium phosphate solution is added 
xintil there is no further precipitate. This is then filtered 
off, well washed and finally warmed with sodium car- 
bonate solution until completely dissolved. The solu- 
tion is evaporated to dr3mess, and the residue ignited. 
The product is wa med with water and dissolved in 
a considerable excoss of nitric acid. 

Potassium Mebcubic Iodide. — 13 grams mercuric 
chloride and 50 grams potassium iodide are dissolved in 
water and the mixture made up to 1 Utre. 

MiLLON's Reagent. — ^A small quantity of mercury is 
dissolved in twice its weight of concentrated nitric acid 
in the cold and twice its volume of water is added. 
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Crocker, F. B., and Arendt, M. Electric Motors Svo, *2 50 

Crocker, F. B., and Wheeler, S. S. The Management of Electri- 
cal Machinery i2mo, ♦! 00 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and 

Its Applications. (Westminster Series.) Svo (/n Press.) 

Crosskey, L. R. Elementary Prospective Svo, i 00 

Crosskey, L. R., and Thaw, J. Advanced Perspective Svo, z 50 

Culley, J. L. Theory of Arches. (Science Series No. 87.)i6mo, o 50 

Davenport, C. The Book. (Westminster Series.) .Svo, *2 00 

Da vies, D. C. Metalliferous Minerals and Mining Svo, 5 00 

Earthy Minerals and Mining Svo, 5 00 

Da vies, £. H. Machinery for Metalliferous Mines Svo, 8 00 

DavieSy F. H. Electric Power and Traction Svo, *2 00 

Dawson, P. Electric Traction on Railways ......! Svo, *g 00 

Day, C. The Indicator and Its Diagrams I2m0| *2 00 
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Deerr, N. Sugar and the Sugar Cane Sto, *3 oo 

Deite, C. Manual of Soapmaldng. Trans, by S. T. King. .4to, *$ oo 
De la Coux, H. The Industrial Uses of Water. Trans, by A. 

Morris 8vo, ^4 50 

Del Mar, W. A. Electric Power Conductors 8vo, *2 00 

Denny, G. A. Deep-Level Mines of the Rand 4to, *io 00* 

Diamond Drilling for Gold *5 00 

De Roos, J. D. C. Linkages. (Science Series No. 47.). . . i6nio, o 50 

De Varona, A. Sewer Gases. (Science Series No. 55.)... i6mo, 050 

Derr, W. L. Block Signal Operation Oblong i2mo, *i 50 

Desaint, A. Three Hundred Shades and How to Mix Them . .8vo, * 10 00 

Dibdin, W. J. Public Lighting by Gas and Electricity 8vo, *8 00 

Purification of Sewage and Water 870, 6 50 

Dietrich, E. Analysis of Resins, Balsams, and Gum Resins .870, *3 00 
Dinger, Lieut H. C. Care and Operation of Naval Machinery 

i2mo. *2 00 
Dixon, D. B. Machinist's and Steam Engineer's Practical Cal- 
culator i6mo, mor., i 25 

Doble, W. A. Power Plant Construction on the Pacific Coast. 

(In Press.) 
Dodd, G. Dictionary of Manufactures, Mining, Machinery, and 

the Industrial Arts i2mo, x 50 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

i6mo, mor., 2 00 

Down, P. B. Handy Copper Wire Table i6mo, *i 00 

Draper, C. H. Elementary Text-book of Light, Heat and 

Sound i2mo, i 00 

Heat and the Principles of Thermo-dynamics i2mo, i 50 

Duckwall, E. W. Canning and Preserving of Food Products. 8 vo, *5 00 
Dumesny, P., and Noyer, J. Wood Products, Distillates, and 

Extracts 8vo, *4 50 

Duncan, W. G., and Penman, D. The Electrical Equipment of 

Collieries 8voj *4 00 

Duthie, A. L. Decorative Glass Processes. (Westminster 

Series) 8vo, *2 00 

Dyson, S. S. Practical Testing of Raw Materials 8vo, *$ 00 

Eccles, R. G., and Duckwall, £. W. Food Preservatives .... 8 vo, z 00 

pap«i o 50 
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m 

Eddy, H. T. Researches in Graphical Statics 8vo, 150 

MaTimiim Stresses under Concentrated Loads 8vo, i 50 

Edgcumbe, K. Industrial Electrical Measuring Instruments. 

8vo, *2 so 

Eissler, M. The Metallurgy of Gold 8vo, 7 50 

The Hydrometallurgy of Copper 8vo, *4 50 

The Metallurgy of Silver 8vo, 4 00 

The Metallurgy of Argentiferous Lead. 8vo, 5 00 

Cyanide Process for the Extraction of Gold 8vo, 3 00 

— •— A Handbook of Modem Explosives 8vo, 5 00 

Ekin,T. C. WaterPipeandSewage Discharge Diagrams.. folio, *s 00 
Bli«t| C. W.| and Storer, F. H. Compendious Manual of Qualita- 
tive Chemical Analysis i2mo, '^'i 25 

Elliql, Major G. H. European Light-house Systems .8vo, 5 00 

EnniSy Wm. D. Linseed Oil and Other Seed Oils 8vo, *4 00 

Applied Thermodynamics 8vo, *4 50 

 Flying Machines To-day i2mo (In Preparation.) 

Erfurt, J. Dyeing of Paper Pulp. Trans, by J. Hubner . . .8vo, *y 50 

Erskine -Murray, J. A Handbook of Wireless Telegraphy.. 8 vo, *3 50 

Evans, C. A. Macadamized Roads (In Press.) 

Ewing, A. J. Magnetic Induction in Iron 8vo, .*4 00 

Fairie, J. Notes on Lead Ores i2mo, '^'i 00 

Notes on Pottery Clays i2mo, *! 50 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines. 

(Science Series No. 58.) i6mo, o 50 

Fairweather, W. C. Foreign and Colonial Patent Laws . . .8vo, *3 00 
Fanning, T. T. Hydraulic and Water-supply Engineering. 

8vo, *5 00 
Fauth, P. The Moon in Modem Astronomy. Trans, by J. 

McCabe 8vo, *2 00 

Fay, I. W. The Coal-tar Colors 8vo (In Press.) 

Fembach, R. L. Glue and Gelatine 8vo, *s 00 

Fischer, E. The Preparation of Organic Compounds. Trans. 

by R. V. Stanford i2mo, *i 25 

Fish, J. C. L. Lettering of Working Drawings Oblong 8vo, i 00 

Fisher, H. K. C, and Darby, W. C. Submarine Cable Testing. 

8vo, *3 50 

Ftske, Lieut B. A. Electricity in Theory and Practice 8vo, 2 50 



1 



12 D. VAN NOSTRAND COMPANY ^S SHORT-TITLE CATALOG 

Fleischxnann, W. The Book of the Dairy. Trans. t>y C. M. 

Aikman 8vo, 4 00 

Flemmg, J. A. The Alternate-current Transformer. Two 

Volumes 8vo, 

VoL I. The Induction of Electric Currents *5 00 

VoL n. The Utilization of Induced Currents *5 00 

Centenary of the Electrical Current 8yo, *o 50 

Electric Lamps and Electric Lighting 8vo, *3 00 

Electric Laboratory Notes and Forms 4to, *$ 00 

A Handbook for the Electrical Laboratory and Testing 

Room. Two Volumes 8vo, each, *$ 00 

Fluery, H. The Calculus Without Limits or Infinitesimals. 

Trans, by C. 0. Maillouz (In Press,) 

Flynn, P. J. Flow of Water. (Science Series No. 84.). . . i6mo, o 50 

Hydraulic Tables. (Science Series No. 66.) i6mo," o 50 

Foley, N. British and American Customary and Metric Meas- 
ures folio, *s 60 

Foster, H. A. Electrical Engineers' Pocket-book. (Sixth 

Edition.) i2mo, leather, 5 00 

Foster, Gen. J. G. Submarine Blasting in Boston (Mass.) 

Harbor 4to, 3 50 

Fowle, F. F. Overhead Transmission Line Crossings .... i2mo, *z 50 
— ^^ The Solution of Alternating Current Problems. 

8vo (In Press,) 

Fox,W. G. Transition Curves. (Science Series No. no.)- i6mo, 050 
Fox, W., and Thomas, C. W. Practical Course in Mechanical 

Drawing i2mo, 1 25 

Foye, J. C» Chemical Problems. (Science Series No. 69.). i6mo, 050 

Handbook of Mineralogy. (Science Series No. 86.). . i6mo, o 50 

Francis, J. B. Lowell Hydraulic Experiments 4to, 15 00 

Frye, A. I. Civil Engineers' Pocket-book (In Press.) 

Fuller, G. W. Investigations into the Purification of the Ohio 

River 4to, *io 00 

Furnell, J. Paints, Colors, Oils, and Varnishes 8vo, *i 00 

Gant, L. W. Elements of Electric Traction 8vo, *2 50 

Garcke, E., and Fells, J. M. Factory Accounts 8vo, 3 00 

Garforth, W. E. Rules for Recovering Coal Mines after Explo- 
sions and Fires i2mo, leather, i 50 
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Gau^ard, J. Foundations. (Science Series No. 34.) i6mOy o 50 

Gear, H. B., and Williams, P. F. Electric Central Station Dis- 
tributing Sjrstems 8vo (In Preparation,) 

Geerligs, H. C. P. Cane Sugar and Its Manufacture 8vo, *5 00 

Geikie, J. Structural and Field Geology. 8vo, *4 00 

Gerber, N. Analysis of Milk, Condensed Milk, and Infants' 

Milk-Food Svo, i 25 

^ Gerhard, W. P. Sanitation, Water-supply and Sewage Disposal 

of Country Houses i2mo, *2 00 

Gas Lighting. (Science Series No. in.) i6mo, o 50 

Household Wastes. (Science Series No. 97.) i6mo, o 50 

House Drainage. (Science Series No. 63.) i6mo, o 50 

Sanitary Drainage of Buildings. (Science Series No. 93.) 

i6mo, o 50 

Gerhardi, C. W. H. Electricity Meters Svo, *4 00 

Geschwind, L. Manufacture of Alum and Sulphates. Trans. 

by C. Salter Svo, *5 00 

Gibbs, W. E. Lighting by Acetylene i2mo, *i 50 

^ Physics of Solids and Fluids. (Carnegie Technical Schools 

Text-books.) *i 50 

Gibson, A. H. Hydraulics and Its Application Svo, ^5 00 

Water Hammer in Hydraulic Pipe Lines . . , , '. .. i2mo, *2 00 

Gilbreth, F. B. Motion Study. A Method for Increasing the 

Efficiency of the Workman i2mo, *2 00 

Gillmore, Gen. Q. A. Limes, Hydraulic Cements and Mortars. 

Svo, 4 00 

Roads, Streets, and Pavements i2mo, 2 00 

Golding, H. A.. The Theta-Phi Diagram ........ 1 . . i2mo, *i 25 

Goldschmidt, R. Alternating Current Commutator Motor .8vo, *3 00 

Goodchild, W. Precious Stones. (Westminster Series.)... Svo, *2 00 

Goodeve, T. M. Textbook on the Steam-engine i2mo, 2 00 

Gore, G. Electrolytic Separation of Metals Svo, *3 50 

Gould, E. S. Arithmetic of the Steam-engine i2mo, i 00 

Calculus. (Science Series No. 112.) i6mo, o 50 

High Masonry Dams. (Science Series No. 22.) i6mo, o 50 

Practical Hydrostatics and Hydrostatic Fbrmulas. (Science 

Series.) i6pio, o 50 

Grant, J. Brewing and Distilling. (Westminster Series.) Svo (In Press,) 

Gray, J, Electrical Influence Machines. i2mo, 2 00 
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Greenwood, £. Classified Guide to Technical and Commercial 

Books .8vo, 

Gregorius, R. Mineral Waxes. Trans, by C. Salter i2mo, 

Griffiths, A. B. A Treatise on Manures.^ i2mo, 

Dental Metallurgy 8vo, 

Gross, E. Hops 8vo, 

Grossman, J. Ammonia and its Compounds i2mo, 

Groth, L. A. Welding and Cutting Metals by Gases or Electric- 
ity Svo, 

Groyer, F. Modem Gas and Oil Engines Svo, 

Gruner, A. Power-loom Weaving Svo, 

GUldner, Hugo. Internal-Combustion Engines. Trans, by 

H. Diedrichs 4to, 

Gunther, C. O. Integration .• i2mo, 

Gurden, R. L. Traverse Tables folio, half mor. 

Guy, A. E. Experiments on the Flexure of Beams Svo, 

Haeder, H. Handbook on the Steam-engine. Trans, by H. H. 

P. Powles i2mo, 

Hainbach, R. Pottery Decoration. Trans, by C. Slater. . i2mo. 

Hale, W. J. Calculations of General Chemistry i2mo. 

Hall, C. H. Chemistry of Paints and Paint Vehicles i2mo, 

Hall, R. H. Governors and Governing Mechanism i2mo, 

Hall, W. S. Elements of the Differential and Integral Calculus 

Svo, 

Descriptive Geometry Svo volume and 4to atlas, 

Haller, G. F., and Cunningham, E. T. The Tesla Coil i2mo, 

Haisey, F. A. Slide Valve Gears i2mo, 

The Use of the Slide Rule. (Science Series.) i6mo, 

Worm and Spiral Gearing. (Science Series.) i6mo, 

Hamilton, W. G. Useful Information for Railway Men. . i6mo, 
Hammer ,W. J. Radium and Other Radioactive Substances, Svo, 

Hancock, H. Textbook of Mechanics and Hydrostatics Svo, 

Hardy, E. Elementary Principles of Graphic Statics i2mo, 

Harper, W. B. Utilization of Wood Waste by Distillation. . 4to, 

Harrison, W. B. The Mechanics* Tool-book i2mo, 

Hart, J. W. External Plumbing Work Svo, 

Hints to Plumbers on Joint Wiping Svo, 

Principles of Hot Water Supply Svo, 
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Hart, J. W. Sanitary Plumbing and Drainage 8vo, *3 oo 

Raskins, C. H. The Galvanometer and Its Uses i6mo, i 50 

Hatt, J. A. H. The Colorist square i2mo, *i 50 

Hausbrand, E. Drying by Means of Air and Steam. Trans. 

by A. C. Wright i2mo, *2 00 

Evaporing, Condensing and Cooling Apparatus. Trans. 

by A, C. Wright 8vo, *5 00 

Hausner, A. Manufacture of Preserved Foods and Sweetmeats. 

Trans, by A. Morris and H. Robson. 8vo, *s 00 

Hawke, W. H. Premier Cipher Telegraphic Code 4to, *5 00 

100,000 Words Supplement lo the Premier Code 4to, *5 00 

Hawkesworth, J. Graphical Handbook for Reniforced Concrete 

Design 4to, *2 50 

Hay, A. Alternating Currents 8vo, *2 50 

— ^ Principles of Alternate-current Working i2mo, 2 00 

Electrical Distributing Networks and Distributing Lines.8vo, *3 50 

Continuous Current Engineering 8vo, *2 50 

Heap, Major D. P. Electrical Appliances 8vo, 2 00 

Heaviside, O. Electromagnetic Theory. Two volumes. 

8vo, each, *5 00 
Heck, R. C. H. Steam-Engine and Other Steam Motors. Two 

Volumes. • 

VoL I. Thermodynamics and the Mechanics 8vo, *3 50 

VoL n. Form, Construction and Working 8vo, *5 00 

Abridged edition of above volumes (Elementary) 

8vo {In Preparation) 

Notes on Elementary Kinematics 8vo, boards, *i 00 

r Graphics of Machine Forces 8vo, boards, *i 00 

Hedges, E. Modem Lightning Conductors. ,i 8vo, 3 00 

Heermann, P. Dyers' Materials. Trans, by A. C. Wright. 

i2mo, *2 50 
Hellot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and 

Cotton 8vo, *2 00 

Henrici, O. Skeleton Structures 8vo, i 50 

Hermann, F. Painting on Glass and Porcelain 8vo, *3 50 

Hermann, G. The Graphical Statics of Mechanism. Trans. 

by A. P. Smith i2mo, 2 00 

Herzfeld, J. Testing of Yams and Textile Fabrics 8vo, *3 50 

Hildebrandt, A. Airships, Past and Present 8vo, *3 50 
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Hildenbrandy B. W. Cable-Making. (Science Series No.. 32.) 

i6mo, o 50 

Hildrich, H. Short History of Chemistry {In Press.) 

Hill, J. W. The Purification of Public Water Supplies. New 

Edition (In Press.) 

Literpretation of Water ilnalysis (In Press.) 

Hiroi, I. Plate Girder Construction. (Science Series No. 95.) 

i6mo, o 50 

Statically-Indeterminate Stresses i2mo, *2 00 

Hirshfeld, C. F. Engineering Thermodynamics. (Science 

Series.) i6mOy o 50 

Hobart, H. Iff. Heavy Electrical Engineering Svo, *4 50 

Electricity 870, *2 00 

Electric Trains 8vo, *2 50 

Hobbs, W. R. P. The Arithmetic of Electrical Measurements ^ 

Z2mo, o 50 

Hoff, J. N. Paint and Varnish Facts and Formulas i2mo, *i 50 

Hoff, Com.W. B. The Avoidance of Collisions at Sea. i6mo, mor., o 75 

Hole, W. The Distribution of Gas 8vo, *7 50 

Holley, A. L. Railway Practice folio, 12 00 

Holmes, A. B. The Electric Light Popularly Explained. 

i2mo, paper, o 50 

Hopkins, N. M. Experimental Electrochemistry 8vo, *3 00 

Model Engines and Small Boats Z2mo, z 25 

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic 

Electricity. (Science Series No. 71.) z6mo, o 50 

Homer, J. Engineers' Turning 8vo, *3 50 

Metal Turning Z2mo, i 50 

Toothed Gearing i2mo, 2 25 

Houghton, C. E. TheElementsof Mechanics of Materials. i2mo, *2 00 

HouUevigue, L. The Evolution of the Sciences 8vo, *2 00 

Howe, G. Mathematics for the Practical Man i2mo, *i 25 

Howorth, J. Repairing and Riveting Glass, China and Earthen- 
ware 8vo, paper, *o 50 

Hubbard, E. The Utilization of Wood-waste 8vo, *2 50 

Humber, W. Calculation of Strains in Girders. i2mo, 2 50 

Humphreys, A. C. The Business Features of Engineering 

Practice 8vo, *z 25 

Horst, G. H. Handbook of the Theory of Color 8vo, *2 50 
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Hurst, G.H. Dictionary of Chemicals and Raw Products.. 8vo, "^3 00 

Lubricating Oils, Fats and Greases. 8vo, *3 00 

Soaps : 8vo, *5 00 

Textile Soaps and Oils 8vo, *2 50 

Hurst, H. £., and Lattey, R. T. Text-book of Physics 8vo, *3 00 

Hutchinson, R. W., Jr. Long Distance Electric Power Trans- 
mission i2mo, *3 00 

Hutchinson, R. W., Jr., and Ihlseng, M. C. Electricity in 

Mining i2mo (In Press.) 

Hutchinson, W. B. Patents and How to Make Money Out of 

Them i2mo, i 25 

Hutton, W. S. Steam-boiler Construction 8vo, 6 00 

Practical Engineer's Handbook 8vo, 7 00 

The Works' Manager's Handbook. .^ 8vo, 6 00 

Hyde, E. W* Skew Arches. (Science Scnries No. 15.).. . . i6mo, 50 

Induction Coils. (Science Series No. 53.) i6mo, 50 

Ingle, H. Manual of Agricultiu-al Chemistry 8vo, *3 00 

Innes, C. H. Problems in Machine Design i2mo, *2 00 

Air Compressors and Blowing Engines. i2mo, *2 00 

Centrifugal Pumps. i2mo, *2 00 

The Fan i2mo, *2 00 

Isherwood, B. F. Engineering Precedents for Steam Machinery 

8vo, 2 50 

Ivatts, E. B. Railway Management at Stations 8vo, *2 50 

Jacob, A., and Gould, E. S. On the Designing and Construction 

of Storage Reservoirs. (Science Series No: 6.). . i6mo, o 50 

Jamieson, A. Text Book on .Steam and Steam Engines. . . . 8vo, 3 00 

Elementary Manual on Steam and the Steam Engine . i2mo, i 50 

Jannettaz, E. Guide to the Determination of Rocks. Trans. 

by G. W. Plympton i2mo, i 50 

Jehl, F. Manufacture of Carbons 8vo, *4 00 

Jennings, A. S. Commercial Paints and Painting. (West- 
minster Series.) 8vo (In Press.) 

Jennison, F. H. The Manufacture of Lake Pigments 8vo, *3 00 

Jepson,G. Cams and the Principles of their Construction... 8 vo, *i 50 

Mechanical Drawing 8vo (In Preparation.) 

Jockin, W. Arithmetic of the Gold and Silversmith i2mo, *i 00 
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Johnson, 6. L. Photographic Optics and Color Photography 

8vo, *3 DO 
Johnson, W. H. The Cultivation and Preparation of Para 

Rubber 8vo, *3 oo 

Johnson, W. McA. The Metallurgy of Nickel (In Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural 

Chemistry and Geology i2mo, 2 60 

Joly, J. Radioactivity and Geology i2mo, *3 00 

Jones, H. C. Electrical Nature of Matter and Radioactivity 

i2mo, 2 00 

Jones, M. W. Testing Raw Materials Used in Paint i2mo, *2 00 

Jones, L., and Scard, F. I. Manufacture of Cane Sugar 8vo, *5 00 

Joynson, F. H. I>esigning and Construction of Machine Gear- 
ing , 8vo, 2 00 

JUptner, H. F. V. Siderology : The Science of Iron 8vo, *5 00 

Kansas City Bridge 4to, 6 00 

Eapp, G. Alternate Current Machinery. (Science Series No. 

96.) i6mo, so 

Dynamos, Motors, Alternators and Rotary Converters. 

Trans, by H. H. Simmons 8vo, 4 00 

Electric Transmission of Energy . ^ i2mo, 3 50 

Keim, A. W. Prevention of Dampness in Buildings 8vo, *2 00 

Keller, S. S. Mathematics for Engineering Students. 

i2mo, half leather, 

Algebra and Trigonometry, with a Chapter on Vectors. ... *i 75 

Special Algebra Edition *i 00 

Plane and Solid Geometry *i 25 

Analytical Geometry and Calculus *2 00 

Kelsey, W. R. Continuous-current Dynamos and Motors. 

8vo, *2 50 
Kemble, W. T., and Underhill, C. R. The Periodic Law and the 

Hydrogen Spectrum 8vo, paper, *o 50 

Kemp, J. F. Handbook of Rocks 8vo, *i 50 

Kendall, E. Twelve Figure Cipher Code 4to, ^15 00 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of 

Machinery. (Science Series No. 54.) i6mo, o 50 

Kennedy, A. B. W., Unwin, W. C, and Idell, F. E. Compressed 

Air. (Science Series No. 106.) i6mo, o 50 



-^ 
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Kennedy, R. Modern Engines and Power Generators. Six 

Volumes 4to, 

Single Volumes each, 

Electrical Installations. Five Volumes. 4to, 

Single Volumes each, 

Flying Machines; Practice and De^n.. i2mo, 

Kennelly, A. E. Electro-dynamic Machinery 8vo, 

Kent, W. Stre1^th of Materials. (Science Series No. 41 . ). i6mo, 

Kershaw, J. B. C. Fuel, Water and Gas Analysis 8vo, 

Electrometallurgy. (Westminster Series.) 8vo, 

The Electric Furnace in Iron and Steel Production. . i2mo, 

Kingdon, J. A. Applied Magnetism 8vo, 

Kinzbrunner, C. Alternate Current Windings. 8vo, 

Continuous Current Armatures 8vo, 

Testing of Alternating Current Machines 8vo, 

Kirkaldy, W. G. David Kirkaldy's System of Mechanical 

Testing 4to, 

Kirkbride, J. Engraving for Illustration 8vo, 

Kirkwobd, J. P. Filtration of River Waters. 4to, 

Klein, J. F. Design of a High speed Steam-engine 8vo, 

Physical Significance of Entropy 8vo, 

Kleinhans, F. B. Boiler Construction 8vo, 

Knight, Capt. A. M. Modern Steamship 8vo, 

HalfMor. 

Knoz, W. F. Logarithm Tables {In Preparation.) 

Knott, C. G., and Mackay, J. S. Practical Mathematics. . .8vo, 2 00 

Koester, F. Steam-Electric Power Plants 4to, *5 00 

Hydroelectric Developments and Engineering ; .4to, *5 00 

Koller, T. The Utilization of Waste Products 8vo, *3 50 

Cosmetics 8vo, *2 50 

Krauch, C. Testing of Chemical Reagents. Trans, by J. A. 

Williamson and L. W. Dupre 8vo, *3 00 

Lambert, T. Lead and its Compounds 8vo, *3 50 

Bone Products and Manures 8vo, *3 00 

Lambom, L. L. Cottonseed Products 8vo, *3 00 

Modem Soaps, Candles, and Glycerin 8vo, *7 50 

Lamprecht, R. Recovery Work After Pit Fires. Trans, by 

C. Salter 8vo, *4 00 
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Lanchester, F. W. Aerial Flight Two Volumes. 8vo. 

VoL I. Aerodynamics *6 oo 

VoL n, Aerodonetics *6 oo 

Lamer, £. T. Principles of Alternating Currents i2mo, *] 25 

Larrabee, C. S. Cipher and Secret Letter and Telegraphic 

Code i6mo, 60 

La Rue, B. F. Swing Bridges. (Science Series No. 107.) . i6mo, 50 
Lassar-Cohn, Dr. Modern Scientific Chemistry. Tran^. by M. 

M. Pattison Muir iimo, *2 00 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandescent 

Electric Lighting. (Science Series No. 57.)- • • • •i6mo, o 50 

« 

Latta, M. N. Handbook of American Gas-Engineering Practice. 

8vo, *4 50 

American Producer Gas Practice 4to, *6 00 

Leask, A. R. Breakdowns at Sea i2mo, 2 00 

Triple and Quadruple Expansion Engines i2mo, 2 oo 

Refrigerating Machinery i2mo, 2 00 

Lecky, S. T. S. " Wrinkles " in Practical Navigation 8vo, *8 00 

Le Doux, M. Ice-Making Machines. (Science Series No. 46.) 

i6mo, o 50 
Leeds, C. C. Mechanical Drawing for Trade Schools . oblong, 4to, 

High School Edition *i 25 

Machinery Trades Edition *2 00 

Lef6vre, L. Architectural Pottery. Trans, by S[, K. Bird and 

W. M. Binns 4to, *7 50 

Lehner, S. Ink Manufacture. Trans, by A. Morris and H. 

Robson 8vo, *2 50 

Lemstrom, S. Electricity in Agriculture and Horticulture. 

8vo, *i 50 
Le Van, W. B. Steam-Engine Indicator. (Science Series No. 

78.) i6mo, o 50 

Lewes, V. B. Liquid and Gaseous Fuels. (Westminster Series.) 

8vo, *2 00 

Lieber, B. F. Lieber's Standard Telegraphic Code 8vo, ""lo 00 

Code. German Edition 8vo, *io 00 

Spanish Edition 8vo, *io 00 

French Edition 8vo, *io 00 

Terminal Index 8vo, *2 50 

Lieber's Appendix folio, *i5 00 
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Lieber, B. F. Handy Tables 4to, *2 50 

Bankers and Stockbrokers' Code and Merchants and 

Shippers' Blank Tables Svo, *i5 00 

100,000,000 Combination Code 8vo, *i5 00 

Engineering Code 8vo, *io 00 

Livermore, V. P., and Williams, J. How to Become a Com- 
petent Motorman i2mo, *i 00 

Livingstone, R. Design and Construction of Commutators. 8vo, *2 25 

Lobben, P. Machinists' and Draftsmen's Handbook 8vo, 2 50 

Locke, A. O. and C. G. Manufacture of Sulphuric Acid 8vo, 10 00 

Lockwood, T. D. Electricity, Magnetism, and Electro-teleg- 
raphy 8vo, 2 50 

Electrical Measurement and the Galvanometer i2mo, i 50 

Lodge, 0. J. Elementary Mechanics i2mo, i 50 

Signalling Across Space without Wires 8vo, *2 00 

Lord, R. T. Decorative and Fancy Fabrics 8vo, *3 50 

Loring, A. £. A Handbook of the Electromagnetic Telegraph. 

(Science Series No. 39) i6mo, o 50 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pumps. (In Press.) 

Lucke, C. £. Gas Engine Design 8vo, *s 00 

Power Plants: their Design, Efficiency, and Power Costs. 

2 vols {In Preparation.) 

Power Plant Papers. Form I. The Steam Power Plant 

paper, *! 50 

Lunge, G. Coal-tar Ammonia. Two Volumes 8vo, *i5 00 

Manufacture of Sulphuric Acid and Alkali. Three Volumes 

8vo, 

Vol. I. Sulphuric Acid. In two parts *i5 00 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. 

In two parts *i5 00 

VoL ni. Ammonia Soda *i5 00 

Technical Chemists' Handbook i2mo, leather, *3 50 

Technical Methods of Chemical Analysis. Trans, by C. A. 

Keane. In collaboration with the corps of specialists. 

VoL I. In two parts 8vo, ♦is 00 

Vols, n and HI {In Preparation.) 

Lupton, A., Parr, G. D. A., and Perkin, H. Electricity as Applied 

to Mining 8vo, *4 50 

Luquer, L. M. Minerals in Rock Sections 8vo, ^i 50 




\ 
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Maceweiiy H. A. Food Inspection Svo, *2 59 

Mackenzie, R. F. Rotes on Irrigation Works Svo, *2 50 

Mackie, J. How to Make a Woolen MiU Pay 8vo, *2 00 

Mackrow, C. Raval Architect's and Shipbuilder's Pocket- 
book i6mo, leather, 5 00 

Magttire, Capt £. The Atteck and Defense of Coast Fortifica- 
tions 8vo, 2 50 

Magttire, Wm« R. Domestic Sanitary Drainage and Plumbing 

' 'Svoi^ 'Too 
Mallet, A. Compound Engines. Trans, by R. R. Buel. 

(Science Series No. 10.) i6mo', ^ 

Mansfield, A. N. Electro-magnets. (Science Series No. 64) 

i6mo, o 50 
Marks, E. C. R. Construction of Cranes and Lifting Machinery 

i2mo, *i 50 

Construction and Working of Pumps i2mo, *i 50 

Manufacture of Iron and Steel Tubes i2mo, *2 00 

• Mechanical Engineering Materials i2mo, '''i 00 

Marks, 6. C. Hydraulic Power Engineering 8vo, 3 50 

Inventions, Patents and Designs i2mo, *i 00 

Markham, E. R. The American Steel Worker i2mo, 2 50 

Marlow, T. 6. Drying Machinery and Practice 8vo, '*'5 00 

Marsli, C. F. Concise Treatise on Reinforced Concrete.. . .Svo, *2 50 

Marsh, C. F., and Dunn, W. Reinforced Concrete 4to, *5 00 

Manual of Reinforced Concrete and Concrete Block Con- 
struction i6mo, mor., *2 50 

Marshall, W.J., and Sankey, H. R. Gas Engines. (Westminster 

Series.) 8vo, *2 00 

Massie, W. W., and Underhill, C. R. Wireless Telegraphy and 

Telephony i2mo, *i 00 

Matheson, D. Australian Saw-Miller's Log and Timber Ready 

Reckoner i2mo, leather, i 50 

Mathot, R. E. Internal Combustion Engines 8vo, *6 00 

Maurice, W. Electric Blasting Apparatus and Explosives ..8vo, *3 50 

Shot Firer's Guide 8vo, *i 50 

Maxwell, J. C. Matter and Motion. (Science Series No. 36.) 

i6mo, o 50 
Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal 

and Sanitary Engineering 4to, *io 00 

Mayer, A. M. Lecture Notes on Physics. 8vo, 2 00 
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McCuUough, R. S. Mechanical Theory of Heat 8vo, 3 50 

Mcintosh, J. 6. Technology of Sugar ^ 8vo, *4 50 

• Industrial Alcohol 8vo, *3 00 

Manufacture of Varnishes and ^idred Industries. Three 

Volumes. Svo. 

VoL I. Oil Crushing, Refining and Boiling *3 50 

VoL n. Varnish Materials and Oil Varnish Making *4 00 

VoL HI (In Preparation.) 

BIcEjiight, J. D., and Brown, A. W. Marine Multitubular 

Boilers *i 50 

McMaster, J. B. Bridge and Tunnel (j^ntres. (Science Series 

No. 20.) i6mo, 

McMechen, F. L. Tests for Ores, Minerals and Metals. . . lamo, 

McNeill, B. McNeill's Code Svo, 

McPherson, J. A. Water-works Distribution Svo, 

Melick, C. W. Dairy Laboratory Guide i2mo, 

Merck, £. Chemical Reagents; Their Purity and Tests. . . . Svo, 
Merritt, Wm. H. Field Testing for Gold and Silver . i6mo, leather, 
Meyer, J. G. A., and Pecker, C. G. Mechanical Drawing and 

Machine Design 4to, 

Michell, S. Mine Drainage Svo, 

Mierzinski, S. Waterproofing of Fabrics. Trans, by A. Morris 

and H. Robson Svo, 

Miller, £. H. Quantitative Analysis for Mining Engineers . . Svo, 
Miller, G. A. Determinants. (Science Series No. 105.). . i6mo, 

Milroy, M. £. W. Home Lace-making iimo, 

Minifie, W. Mechanical Drawing Svo, 

Mitchell, C. A., and Prideaux, R. M. Fibres Used in Textile and 

Allied Industries m . . . . Svo, 

Modem Meteorology i2mo, i 50 

Monckton, C. C. F. Radiotelegraphy. (Westminster Series.) 

Svo, *2 00 
Monteverde, R. D. Vest Pocket Glossary of English-Spanish, 

Spanish-English Technical Terms 64mo, leather, *i 00 

Moore, E. C. S. New Tables for the Complete Solution of 

GanguiUet and Kutter's Formula Svo, *5 00 

Moreing, C. A., and Neal, T. New General and Mining Tele- 
graph Code Svo, *5 00 

Morgan, A. P. Wireless Telegraph Construction for Amateurs. 

i2mo, ♦! 50 
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Moses, A. J. The Characters of Crystals 8vo, *2 oo 

Moses, A. J., and Parsons, C. I. Elements of Mineralogy. .8vo, *2 50 
Moss, S. A. Elements of Gas Engine Design. (Science 

Series.) i6mo, o 50 

The Lay-out of Corliss Valve Gears. (Science Series). i6mo, o 50 

Mullin, J. P. Modem Moulding and Pattern-making. . . . i2mo, 2 50 
Munby, A. E. Chemistry and Physics of Building Materials. 

(Westminster Series.) 8vo, *2 00 

Murphy, T. G. Practical Mining i6mo, i 00 

Murray, J. A. Soils and Manures. (Westminster Series.). 8 vo, *2 00 

Naquet, A. Legal Chemistry i2mo, 2 00 

Nasmith, J. The Student's Cotton Spinning 8vo, 3 00 

Neilson, R. M. Aeroplane Patents 8vo, *2 00 

Nerz, F. Searchlights. Trans, by C. Rodgers 8vo, *3 00 

Neuberger, H., and Noalhat, H. Technology of Petroleum. 

Trans, by J. G. Mcintosh 8vo, *io 00 

Newall, J. W. Drawing, Sizing and Cutting Bevel-gears. 

8vo, I 50 
Newlands, J. Carpenters and Joiners' Assistant 

folio, half mor., 15 00 

Nicol, G. Ship Construction and Calculations 8vo, *4 50 

Nipher, F. £. Theory of Magnetic Measurements i2mo, i 00 

Nisbet, H. Grammar of Textile Design 8vo, *3 00 

Nolan, H. The Telescope. (Science Series No. 51.) i6mo, o 50 

Noll, A. How to Wire Buildings i2mo, i 50 

Nugent, £. Treatise on Optics i2mo, i 50 

O'Connor, H. The Gas Engineer's Pocketbook. . . i2mo, leather, 3 50 

Petrol Air Gas i2mo, *o 75 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Trans, by 

William Francis. (Science Series No. 102.). . . . i6mo, o 50 

Olsen, J. C. Text book of Quantitative Chemical Analysis ..8vo, *4 00 
Olsson, A. Motor Control, in Turret Turning and Gun Elevating. 

(U. S. Navy Electrical Series, No. i.) . ...i2mo, paper, *o 50 

Oudin, M. A. Standard Poljrphase Apparatus and Systems . . 8vo, '''3 00 

m 

Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, 

Jr * ' 8vo, *4 00 
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Pamely, C. Colliery Manager's Handbook 8vo» *io oo 

Parr, G. D. A. Electrical Engineering Measuring Instruments. 

8vo, ♦a 50 
Parry, E. J. Chemistry of Essential Oils and Artificial Per- 
fumes 8vo, *s 00 

Parry, E. J., and Coste, J. H. Chemistry of Pigments 8vo, *4 50 

Parry, L. A. Risk and Dangers of Various Occupations 8vo, *3 00 

Parshall, H. F., and Hobart, H. M. Armature Windings .... 4to, *7 50 

Electric Railway Engineering i 4to, *io 00 

Parshall, H. F., and Parry, E. Electrical Equipment of Tram- 
ways (In Press.) 

Parsons, S. J. Mallei^ble Cast Iron 8vo, *2 50 

Passmore, A. C. Technical Terms Used in Architecture ...8vo, *3 50 

Patterson, D. The Color Printing of Carpet Yarns 8vo, *3 50 

Color Matching on Textiles 8vo, *3 00 

The Science of Color Mixing 8vo, *3 00 

Patton, H. B. Lecture Notes on Crystallography 8vo, *i 25 

Paulding, C. P. Condensation of Steam in Covered and Bare . 

Pipes 8vo, *2 00 

Transmission of Heat through Cold-storage Insulation 

i2mo, *i 00 

Peirce, B. System of Analytic Mechanics .^ 4to, 10 00 

Pendred, V. The Railway Locomotive. (Westminster Series.) 

8vo, *2 00 
Perkin, F. M. Practical Methods of Inorganic Chemistry. 

i2mo, *i 00 

Perrigo, 0. E. Change Gear Devices 8vo, i 00 

Perrine, F. A. C. Conductors for Electrical Distribution . . . 8vo, '''3 50 

Perry, J. Applied Mechanics 8vo, *2 50 

Petit, G. White Lead and Zinc White Paints 8vo, '^i 50 

Petit, R. How to Build an Aeroplane. Trans, by T. O'B. 

Hubbard, and J. H. Ledeboer 8vo, '^i 50 

Pettit, Lieut. J. S. Graphic Processes. (Science Series No. 76.) 

i6mo, o 50 
Philbrick, P. H. Beams and Girders. (Science Series No. 88.) 

i6mo, 

Phillips, J. Engineering Chemistry 8vo, *4 50 

Gold Assaying 8vo, *2 50 

Dangerous Goods 8vo, 3 50 
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Phin, J. Seven Follies of Science. i2mo, '"i 25 

Household Pests, and How to Get Rid of Them 

8vo (In Preparation.) 
Pickworth, C. R. The Indicator Handbook. Two Volumes 

i2mo, each, i 50 

Logarithms foe Beginners i2mo, boards, o 50 

The Slide Rule i2mo, i 00 

Plane Table, The 8vo, 2 00 

Plattner's Manila 1 of Blowpipe Analysis. Eighth Edition, re- 
vised. Trans, by H. B. Cornwall 8vo, *4 00 

nympton, G. W. The Aneroid Barometer. (Science Series.) 

i6mo, o 50 

How to become an Engineer. (Science Series No. 100.) 

i6mo, o so 

Van Rostrand's Table Book. (Science Series No. 104.) 

i6mo, o so 
Pochet, M. L. Steam Injectors. Translated from the French. 

(Science Series No. 29.) i6mo, o 50 

Pocket Logarithms to Four Places. (Science Series.) i6mo, o so 

leather, i 00 

Pope, F. L. Modem Practice of the Electric Telegraph. . . . 8vo, i so 
Popplewell, W. C. Elementary Treatise on Heat and Heat 

Engines i2mo, *3 00 

Prevention of Smoke 8vo, *3 50 

Strength of Minerals 8vo, *i 75 

Potter, T. Concrete 8vo, *3 00 

Practical Compounding of Oils, Tallow and Grease 8vo, *3 50 

Practical Iron Founding x2mo, i so 

Pray, T., Jr. Twenty Years with the Indicator 8vo, 2 50 

Steam Tables and Engine Constant 8vo, 2 00 

Calorimeter Tables 8vo, i 00 

Preece, W. H. Electric Lamps {In Press.) 

Prelini, C. Earth and Rock Excavation 8vo, *3 00 

I>redges'and Dredging .8vo (In Press.) 

Graphical I>etermination of Earth Slopes 8vo, *2 00 

Tunneling ^ 8vo, 3 00 

Prescott, A. B. Organic Analysis 8vo, s 00 

Prescott, A. B., and Johnson, O. C. Quauitative Chemical 

Analysis 8vo, *3 50 
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Prescott, A. B., and Sullivan, £. C. First Book in Qualitative 

Chemistry i2mo, *i 50 

Pritchard, 0. G. The Manufacture of Electric-light Carbons. 

8vo, paper, ♦o 60 
Prost, E. Chemical Analysis of Fuels, Ores, Metals. Trans. 

by J. C. Smith 8vo, *4 50 

Fallen, W. W. F. Application of Graphic Methods to the Design 

of Structures i2mo, *2 50 

Injectors: Theory, Construction and Working i2mo, *i 50 

Pulsifer, W. H. Notes for a History of Lead 8vo, 4 00 

Purchase, W. R. Masonry i2mo, *3 00 

Putsch, A. Gas and Coal-dust Firing 8vo, *3 00 

Pynchon, T. R. Introduction to Chemical Physics 8vo, 3 00 

Rafter, G. W. Mechanics of Ventilation. (Science Series No. 

33-) i6mo, o 50 

Potable Water. (Science Series No. 103.) i6mo, o 50 

Treatment of Septic Sewage. (Science Series.). 

i6mo, o 50 
Rafter, G. W., and Baker, M. N. Sewage Disposal in the United 

States 4to, ^6 00 

Raikes, H. P. Sewage Disposal Works 8vo, *4 00 

Railway Shop Up-to-Date 4to, 2 00 

Ramp, H. M. Foundry Practice (In Press.) 

Randall, P. M. Quartz Operator's Handbook i2mo, 2 00 

Randau, P. Enamels and Enamelling 8vo, *4 00 

Rankine, W. J. M. Applied Mechanics 8vo, 5 00 

Civil Engineering 8vo, 6 50 

Machinery and Millwork 8vo, 5 00 

The Steam-engine and Other Prime Movers 8vo, 5 00 

Useful Rules and Tables 8vo, 4 00 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text- 
book 8vo, 3 50 

Raphael, F. C. Localization of Faults in Electric Light and 

Power Mains 8vo, *3 00 

Rathbone, R. L. B. Simple Jewellery 8vo, *2 00 

Rateau, A. Flow of Steam through Nozzles an4 Orifices. 

Trans, by H. B. Brydon * 8vo, *i 50 

Rausenberger, F. The Theory of the Recoil of Guns 8vo, *4 50 
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Rautenstrauch, W. Notes on the Elements of Machine Design, 

8to, boards, *i 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and 

Empirical Design. 

Part I. Machine Drafting 8vo, 

Part n. Empirical Design (In Preparation.) 

Raymond, E. B. Alternating Current Engineering i2mo, 

Rajrner, H. Silk Throwing and Waste Silk Spinning 8vo, 

Recipes for the Color, Paint, Varnish, Oil,' Soap and Drysaltery 

Trades 8vo, 

Recipes for Flint Glass Making i2mo. 

Redwood, B. Petroleum. (Science Series No. 92.) i6mo. 

Reed's Engineers' Handbook 8vo, 

Key to the Nineteenth Edition of Reed's Engineers' Hand- 
book 8vo, 

Useful Hints to Sea-going Engineers i2mo, 

Marine Boilers i2mo, 

Reinhardt, C. W. Lettering for Draftsmen, Engineers, and 

Students oblong 4to, boards, 

The Technic of Mechanical Drafting. . . oblong 4 to, boards. 

Reiser, F. Hardening and Tempering of SteeL Trans, by A. 

Morris and H. Robson i2mo. 

Reiser, N. Faults in the Manufacture of Woolen Goods. Trans. 

by A. Morris and H. Robson 8vo, 

Spinning and Weaving Calculations. . . » 8vo, 

Renwick, W. G. Marble and Marble Working 8vo, 

Rejrnolds, 0., and Idell, F. E. Triple Expansion Engines. 

(Science Series No. 99.) i6mo, 

Rhead, G. F. Simple Structural Woodwork i2mo, 

Rhead, G. W. British Pottery Marks 8vo, 

Rice, J. M., and Johnson, W. W. A New Method of Obtaining 

the Differential of Functions i2mo, 

Richardson, J. The Modem Steam Engine 8vo, 

Richardson, S. S. Magnetism and Electricity i2mo, 

Rideal, S. Glue and Glue Testing 8vo, 

Rings, F. Concrete in Theory and Practice i2mo, 

Ripper, W. Course of Instruction in Machine Drawing. . . folio, 
Roberts, F. C. Figure of the Earth. (Science Series No. 79.) 

i6mo, 50 
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Roberts, J., Jr. Laboratory Work in Electrical Bngineering. 

8vo, *2 00 

Robertson, L. S. Water-tube Boilers 8vo, 3 00 

Robinson, J. B. Architectural Composition. 8V0, *2 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. 

(Science Series No. 24.) i6mo, o 50 

Railroad Economics. . (Science Series No. 59.) i6mo, o 50 

Wrought Iron Bridge Members. (Science Series No. 60.) 

i6mo, o 50 

Robson, J. H. Machine Drawing and Sketching (In Press.) 

Roebling, J. A. Long and Short Span Railway Bridges . . folio, 25 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry. . i2mo, *i 50 

Rogers, A., and Aubert, A. B. Industrial Chemistry (In Press.) 

Rogers, F. Magnetism of Iron Vessels. (Science Series No. 30.) 

i6mo, o 50 

Rollins, W. Notes on X-Light. . . . t 8vo, 5 00 

Rose, J. The Pattern-makers' Assistant 8vo, 2 50 

Key to Engines and Engine-running i2mo, 2 50 

Rose, T E. The Precious Metals. (Westminster Series.). 

Svo,. *2 00 

Rosenhain, W. Glass Manufacture. ( Westminster Series.). .8 vo,. *2 00 

Ross, W. A. Blowpipe in Chemistry and Metallurgy. . .i2mo, "^i 00 
Rossiter, J. T. Steam Engines. (Westminster Series.) 

8vo (In Press.) 

Pumps and Pumping Machinery. (Westminster Scries.) 

8vo (In Press.) 

Roth. Physical Chemistry 8vo, *2 00 

Rouillion, L. The Economics of Manual Training 8vo, 2 00 

Rowan, F. J. Practical Physics of the Modern Steam-boiler 

8V0,. y 50 
Rowan, F. J., and Idell, F. £. Boiler Incrustation and Corro- 
sion. (Science Series No. 27.) i6mo, o 50 

Roxburgh, W. General Foundry Practice 6vo, *3 50 

Ruhmer, E. Wireless Telephony. Trans, by J. Erskine^ 

Murray 8vo, ^3 50 

Russell, A. Theory of Electric Cables and Networks 8vo, *3 00 

Sabine, R. History and Progress of the Electric Telegraph. i2mo, i 25 

Saeltzer, A. Treatise on Acoustics i2mo, i 00 
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Salomons, D. Electric Light Installations, iimo. 

VoL L The Management of Accumulators^ 2 50 

VoL n. Apparatus 2 25 

VoL in. Applications i 50 

Sanford, P. 6. Ritro-ezplosives 8to, *4 00 

Saunders, C. H. Handbook of Practical Mechanics i6mOy i 00 

leather, i 25 

Saunnier, C. Watchmaker's Handbook i2mo, 3 00 

Sayers, H. M. Brakes for Tram Cars 8vo, '^'i 25 

Scheele, C. W. Chemical Essays 8vo, *2 00 

Schellen, H. Magneto-electric and Djrnamo-electric Machines 

8vo, 5 00 

Scherer, R. Casein. Trans, by C. Salter Svo, *3 00 

Schmall, C. N. First Course in Analytic Geometry, Plane and 

Solids i2mo, half leather, *i 75 

Schmall, C. If., and Schack, S. M. Elements of Plane Geometry 

i2mo, *i 25 

Schmeer, L. Plow of Water 8vo, *3 00 

Schumann, F. A Manual of Heating and Ventilation. 

i2mo, leather, i 50 

Schwartz, E. H. L. Causal Geology 8vo, *2 50 

Schweizer, V., Distillation of Resins 8vo, *3 50 

Scott, W. W. Qualitative Chemical Analysis. A Laboratory 

Manual 8vo *i 50 

Scribner, J. M. Engineers' and Mechanics' Companion. 

i6mo, leather, i 50 
Searle, G. M. " Sumners' Method." Condensed and Improved. 

(Science Series No. 124.) 8vo, 6 00 

Seaton, A. E. Manual of Marine Engineering 8vo, 6 00 

Seaton, A. £., and Rounthwaite, H. M. Pocket-book of Marine 

Engineering i6mo, leather, 3 00 

Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India 
Rubber and Gutta Percha. Trans, by J. G. Mcintosh 

8vo, *5 00 
Seidell, A. Solubilities of Inorganic and Organic Substances 

8vo, *3 00 

Sellew, W. H. Steel Rails 4to (In Press.) 

Senter, G. Outlines of Physical Chemistry i2mo, *i 50 

Sever, G. F. Electric Engineering Experiments 8vo, boards, *i 00 
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Sever, 6. F., and Townsend, F. Laboratory and Factory Tests 

in Electrical Engineering 8vOy *2 50 

Sewall, C. H. Wireless Telegraphy Svo, *2 00 

Lessons in Telegraphy i2mo, *i 00 

Sewell^ T. Elements of Electrical Engineering .Svo, *3 00 

The Construction of Dynamos 8vo, *3 00 

Sexton, A. H. Fuel and Refractory Materials I2m0y *2 50 

Chemistry of the Materials of Engineering ^ I2m0| *2 50 

Alloys (Non-Ferrous) 8vo, *s 06 

The Metallurgy of Iron and Steel Svo, *6 50 

Seymouf, A. Practical Lithography. ., Svo, *2 50 

Modem Printing Inks. - Svo, *2 00 

Shaw, H. S. H. Mechanical Integrators. (Science Series No. 

S3.) i6mo, o 50 

Shaw, P. E. Course of Practical Magnetism and Electricity. 

Svo, *i 00 

Shaw, S. History of the Staffordshire Potteries Svo, *3 00 

Chemistry of Compounds Used in Porcelain Manufacture 

Svo, *5 00 
Sheldon, S., and Hausmann, E. Direct Current Machines. 

Svo, *2 50 

Alternating-current Machines Svo, *2 50 

Sherer, R. Casein. Trans, by C. Salter Svo, *3 00 

Sherriff, F. F. Oil Merchants' Manual i2mo, '*'3 50 

Shields, J. E. Notes on Engineering Construction i2mo, i 50 

Shock, W. H. Steam Boilers 4to, half mor., is 00 

Shreve, S. H. Strength of Bridges and Roofs Svo, 3 50 

Shunk, W. F. The Field Engineer i2mo, mor., 2 50 

Simmons, W. H., and Appleton, H. A. Handbook of Soap 

Manufacture. Svo, *3 00 

Simms, F. W. The Principles and Practice of Leveling Svo, 2 50 

Practical Tunneling Svo, 7 50 

Simpson, G. The Naval Constructor i2mo, mor., *s 00 

Sinclair, A. Development of the Locomotive Engine. 

Svo, half leather, 5 00 
Sindall, R. W. Manufacture of Paper. (Westminster Series.) 

Svo, *2 00 

Sloane, T. O'C. Elementary Electrical Calculations i2mo, *2 00 

Smith, C. A. M. Handbook of Testing. Vol. I. Materials . {In Press.) 
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Smith, C. F. Practical Alternating Currents and Testing . . Svo, *2 50 

Practical Testing of Djrnamos and Motors 8vo, *2 00 

Smith, F. £• Handbook of General Instruction for Mechanics. . 

I2m0y I 50 
Smith, I. W. The Theory of Deflections and of Latitudes and 

Departures i6mo, mor., 3 po 

Smith, J. C. Manufacture of Paint Svo, ^3 00 

Smith, W. Chemistry 6f Hat Manufacturing i2mo, '"3 00 

Snell, A. T. Electric Motive Power Svo, *4 00 

Snow, W. G. Pocketbook of Steam Heating and Ventilation 

{In Press.) 
Snow, W. G., and Nolan, T. Ventilation of Buildings. (Science 

Series No. 5.) i6mo, o 50 

Soddy, F. Radioactivity : . . Svo, *3 00 

Solomon, M. Electric Lamps. (Westminster Series.) Svp, *2 00 

Sothem, J. W. The Marine Steam Turbine Svo, *5 00 

Sozhlet, D. H. Dyeing and Staining Marble. Trans, by A. 

Morris and H. Robson Svo, *2 50 

Spang, H. W. A Practical Treatise on Lightning Protection 

i2mo, I 00 
Spangenburg, L. Fatigue of Metals. Translated by S. H. 

Shreve. (Science Series No. 23.) i6mo, o 50 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topo- 
graphical Surveying. (Science Series No. 72.). . i6mo, o 50 

Speyers, C. L. Text-book of Physical Chemistry Svo, *2 25 

Stahl, A. W. Transmission of Power. (Science Series No. 2S.) 

i6mo, 

Stahl, A. W., and Woods, A. T. Elementary Mechanism . . 1 2mo, *2 00 
Staley, C, and Pierson, G. S. The Separate System of Sewerage. 

Svo, *3 00 

Standage, H. C. Leatherworkers' Manual Svo, *3 50 

Sealing Waxes, Wafers, and Other Adhesives Svo, *2 00 

Agglutinants of all Kinds for all Purposes i2mo, *3 50 

Stansbie, J. H. Iron and Steel. (Westminster Series.) .... Svo, *2 00 

Stevens, H. P. Paper Mill Chemist i6mo, *2 50 

Stevenson, J. L. Blast-Furnace Calculations i2mo, leather, *2 00 

Stewart, A. Modern Poljrphase Machinery i2mo, *2 00 

Stewart, G. Modern Steam Traps i2mo, *i 25 

Stiles, A. Tables for Field Engineers i2mo, i 00 



J 
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Stillman, P. Steam-engine Indicator. i2mo, i oo 

Stodola, A. Steam Turbines. Trans, by L. C. Loewenstein . 8vo, *5 oo 

Stone, H. The Timbers of Commerce 8vo, 3 50 

Stone, Gen. R. New Roads and Road Laws i2mo, i 00 

Stopes, M. Ancient Plants 8vo, *2 00 

The Study of Plant Life Svo (/» Press.)' 

Sudborough, J. J., and James, T. C. Practical Organic Chem- 
istry i2mo, *2 00 

Suffling, £. R. Treatise on the Art of Glass Painting 8vo, *3 50 

Swan, K. Patents, Designs and Trade Marks. (Westminster 

Series.) 8vo, *2 00 

Sweet, S. H, Special Report on Coal 8vo, 3 00 

Swinburne, J., Wordingham, C. H., and Martin, T. C. Electric 

Currents. (Science Series No. 109.) i6mo, o 50 

Swoope, C. W. Practical Lessons in Electricity i2mo, *2 00 

Tailfer, L. Bleaching Linen and Cotton Yarn and Fabrics. . 8vo, *5 00 
Tate, J. S. Surcharged and Different Forms of Retaining-walls. 

(Science Series No. 7.) i6mo, 

Templeton, W. Practical Mechanic's Workshop Companion. 

i2mo, mor., . 2 00 
Terry, H. L. India Rubber and its Manufacture. (Westminster 

Series.) 8vo, *2 00 

Thiess, J. B., and Joy, G. A. Toll Telephone Practice . . {In Preparation.) 
Thom, C, and Jones, W. H. Telegraphic Connections. 

oblong i2mo, i 50 

Thomas, C. W. Paper-makers' Handbook (In Press.) 

Thompson, A. B. Oil Fields of Russia 4to, *7 50 

Petroleum Mining and Oil Field Development 8vo, *5 00 

Thompson, E. P. How to Make Inventions 8vo, o 50 

Thompson, S. P. Djrnamo Electric Machines. (Science Series 

No. 75.) i6mo, o 50 

Thompson, W. P. Handbook of Patent Law of All Countries 

i6mo, I 50 

Thornley, T. Cotton Combing Machines 8vo, *3 00 

Cotton Spinning 8vo, 

First Year *i 50 

Second Year *2 50 

Third Year *2 50 
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Thtino, J. W. Modem Turbine Practice 8vo, 

Tidji C. Meymott. Treatment of Sewage. (Science Series No. 

94.) i6nio, 

Tinney, W. H. Gold-mining Machinery. 8vo, 

Titherley, A. W. Laboratory Course of Organic Chemistry 

8vo, 
Toch, M. Chemistry and Technology of Mixed Paints 

8vo, *3 00 

Materials for Permanent Painting i2mo (In Press.) 

Todd, J., and Whall, W. B. Practical Seamanship 8vo, *7 50 

Tonge, J. Coal. (Westminster Series.) 8yo, *2 00 

Townsend, F. Alternating Current Engineering.. . .8vo, boards, *o 75 

Townsend, J. Ionization of Gases by C(^ision 8v6, '''i 25 

Transactions of the American Institute of Chemical Engineers. 

8vo, 

VoL I. 1908 *6 00 

VoL II. 1909 *6 00 

Traverse Tables. (Science Series No. 115.) i6mo, o 50 

mor.y z- 00 
Trinks, W., and Housum, C. Shaft Governors. (Science 

Series No. 122.) i6mo, o 50 

Trowbridge, W. P. Turbine Wheels. (Science Series No. 44.) 

i6mo. 

Tucker, J. H. A Manual of Sugar Analysis. .'. 8vo, 

Tumlirz, O. Potential. Trans, by D. Robertson i2mo, 

Tunner, P. A. Treatise on Roll-turning. Trans, by J. B. 

Pearse 8vo text and folio atlas, 

Turbayne, A. A. Alphabets and Numerals 4to, 

TurnbuU, Jr., J., and Robinson, S. W. A Treatise on the Com- 
pound Steam-engine. (Science Series No. 8.). . . i6mo, 
Turrill, S. M. Elementary Course in Perspective i2mo, 

Underhill, C. R. Solenoids, Electromagnets and Electromag- 
netic Windings i2mo, 

Urquhart, J. W. Electric Light Fitting i2mo, 

Electro-plating i2mo, 

Electrotyping i2mo, 

Electric Ship Lighting i2mo, 

Universal Telegraph Cipher Code i2mo, 
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Vacher, F. Food Inspector's Handbook i2mo, *2 50 

Van Nostrand's Chemical Annual. Second issue 1909 .... i2mo, *2 50 
Year Book of Mechanical Engineering Data. First issue 

1910 (In Press,) 

Van Wagenen, T. F. Manual of Hydraulic Mining i6nio, i 00 

Vega, Baron, Von Logarithmic Tables 8yo, half mor., 2 50 

Villon, A. M. Practical Treatise on the Leather Industry. 

Trans, by F. T. Addyman 8vo, *io 00 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. 

Salter 8vo, *2 00 

Volk, C. Haulage and Winding Appliances 8vo, *4 00 

Von Georgiovics, G. Chemical Technology of Textile Fibres.. 

Trans, by C. Salter 8vo, *4 50 

Chemistry of Dyestuffs. Trans, by C. Salter 8vo, *4 50 

Vose, G. L. Graphic Method for Solving Certain Questions in 

Arithmetic and Algebra. (Science Series No. 16.) i6mo, 050 

Wabner, R. Ventilation in Mines. Trans, by C. Salter. . .8yo, *4 50 

Wade, £f. J. Secondary Batteries 8yo, *4 00 

Wadsworth, C. Primary Battery Ignition i2mo (In Press.) 

Wagner, £. Preserving Fruits, Vegetables, and Meat i2mo, *2 50 

Walker, F. Aerial Navigation 8vo, 

Dynamo Building. (Science Series No, 98.) i6mo, o 50 

-- — Electric Lighting for Marine Engineers 8vo, 2 00 

Walker, S. F. Steam Boilers, Engines and Turbines 8 vo, 3 00 

Refrigeration, Heating and Ventilation on Shipboard. 

i2mo, *2 00 

Electricity in Mining 8vo, ^3 50 

Walker, W. H. Screw Propulsion 8vo, o 75 

Wallis-Tayler, A. J. Bearings and Lubrication 8vd, *i 50 

Modern Cycles 8vo, 4 00 

Motor Cars 8vo, i 80 

Motor Vehicles for Business Purposes 8vo, 3 50 

Pocket Book of Refrigeration and Ice Making i2mo, i 50 

Refrigerating and Ice-making Machinery 8vo, 3 00 

Refrigeration and Cold Storage 8vo, *4 50 

Sugar Machinery I2m0y ^2 00 

Wanklyn, J. A. Treatise on the Examination of Milk . . i2mo, i 00 

• Water Anal3rsis * . i2mo, 2 00 
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Wansbrough, W. D. The A B C of the Differential Calculus 

I2m0y *i $0 

Slide Valves i2mo, *2 oo 

Ward, J. H. Steam for the Million ". . 8vo, i oo 

Waring, Jr., G. £. Sanitary Conditions. (Science Series No. 31 .) 

i6mo, o 50 

Sewerage and Land Drainage *6 00 

Modem Methods of Sewage Disposal i2m0y 2 00 

How to Drain a House i2nio, i 25 

Warren, F. D. Handbook on Reinforced Concrete i2mo, *2 50 

Watkins, A. Photography. (Westminster Series) 8vo (In Press.) 

Watson, £. P. Small Engines and Boilers i2mo, i 25 

Watty A. Electro-plating and Electro-refining of Metals *4 50 

Electro-metallurgy i2mo, i 00 

The Art of Paper Making *3 00 

The Art of Soap-making 8vo, 3 00 

Leather Manufacture 8vo, *4 00 

Weale, J. Dictionary of Terms used in Architecture i2mo, 2 50 

Weale's Scientific and Technical Series. (Complete list sfint on 

application.) 

Weather and Weather Instruments i2mo, i 00 

paper, o 50 
Webb, H. L. Guide to the Testing of Insulated Wires and 

Cables i2mo, i 00 

Webber, W. H. Y. Town Gas. (Westminster Series.) 8vo, *2 00 

Weekes, R. W. The Design of Alternate Current Transformers 

i2mo, I 00 

Weisbach, J. A Manual of Theoretical Mechanics Svo, *6 00 

sheep, *7 50 
Weisbach, J., and Herrmann, G. Mechanics of Air Machinery 

8vo, *3 75 
Weston, E. B. Loss of Head Due to Friction of Water in Pipes 

i2mo, *i 50 
Weymouth, F. M. Drum Armatures and Commutators. 

8vo, ♦3 00 

Wheeler, J. B. Art of War i2mo, i 75 

Field Fortifications i2mo, i 75 

Whipple, S. An Elementary and Practical Treatise on Bridge 

Building 8vo, 3 00 
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Whithard, P. Illuminating and Missal Painting i2mo, i 50 

Wilcox, R. M. Cantilever Bridges. (Science Series No. 25.) 

i6mo, o 50 
Wilkinson, H. D. Submarine Cable Laying and Repairing. 

8vo, *6 00 
Williams, A. D., Jr., and Hutchinson, R. W. The Steam Turbine. 

(In Press.) 

Williamson, R. S. On the Use of the Barometer 4to, 15 00 

Practical Tables in Meteorology and Hypsometery 4to, 2 50 

Willson, F. N. Theoretical and Practical Graphics 4to, *4 00 

Wimperis, H. £. Internal Combustion Engine Svo, *3 00 

Winchell, N. H., and A. N. Elements of Optical Mineralogy. 

Svo, *3 50 
Winkler, C, and Lunge, G. Handbook of Technical Gas-Analy- 
sis Svo, 4 00 

Winslow, A. Stadia Surveying. (Science Series No. 77. )• 

i6mo, o 50 
Wisser, Lieut. J. P. Explosive Materials. (Science Sipries No. 

70.) i6mo, o 50 

Modern Gun Cotton. (Science Series No. 89.) i6mo, o 50 

Wood, De V. Luminiferous Aether. (Science Series No. 85.) 

i6mo, o 50 
Woodbury, D. V. Elements of Stability in the Well-propor- 
tioned Arch Svo, half mor., 4 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes. 

Svo (In Press,) 

Wright, A. C. Analysis of Oils and Allied Substances Svo, *3 50 

Simple Method for Testing Painter's Materials Svo, *2 50 

Wright, H. E. Handy Book for Brewers Svo, *s 00 

Wright, F. W. Design of a Condensing Plant i2mo, *i 50 

Wright, T. W. Elements of Mechanics -. Svo, *2 50 

Wright, T. W., and Hayford, J. F. Adjustment of Observations 

Svo, *3 00 

Young, J. E. Electrical Testing for Telegraph Engineers... Svo, *4 00 

Zahner, R. Transmission of Power. (Science Series No. 40.) 

i6mo, 
Zeidler, J., and Lustgarten, J. Electric Arc Lamps Svo, *2 00 
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Zetmer, A. Technical Thermodynamics. Trans, by J. F. 

Klein. Two Volumes 8vo, *8 oo 

Zimmer, G. F. Mechanical Handling of Material 4to, *io oo 

Zipser, J. Textile Raw Materials. Trans, by C. Salter 8yo, *5 oo 

Zur Nedden, F. Engineering Workshop Machines and Proc- 
esses. Trans, by J. A. Davenport Svo, *2 oo 



UNIV. OF MICHIGAN, 

MAY 22 1912 



Books sent postpaid fo^ any address on receipt of price. 

Descriptive circulars and complete catalogs may be had on application. 



EUECmCAI 

ENGINEiRS 
POCKET BOOR 

■HBlMOi^ 1128 11. mT«UMaaB 



If 



Fostei^t Pocketbook is the 

busy engineer's first assistant. 
When he wants really reliable 
information, he turns to Fos- 
ter to get it for him, and he 
gets it. Foster places before 
him data on the latest and 
best practice in electrical 
a minimum expenditure of 
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engineering with 
time and effort. 

The material in Foster [is logically arranged 
and is indexed in a full table of contents and 
a voluminous index that alone covers sixty pages, 
and to this is added a set. of patent thumb index 
tabs that make reference to any section of the 
book practically instantaneous. The index is 
most thorough and reliable. It points right to 
the spot where the information sought is. 

If you ever need information on electricity, 
you ought to have a copy of the new Fifth 
Edition, completely revised and enlarged, with 
four-fifths of the old matter replaced by new, 
up-to-date material, and containing all the ex- 
cellent features named above, with 1,636 pages, 
1,128 illustrations and 718 tables. The price is 
$5.00. Order a copy now 




CIVIL 

ENGINEERS' 

POCKETBOOK 

By ALBERT I. FRYE, M. Am. Soc. C E. 

A COMPREHENSIVE treatment of Civil Elngineering, in seventy 
sections, comprising about 1,400 pages; with 500 tables and 
1 ,000 illustrations. Also a complete glossary of engineering terms. 

Elach main subject receives economic consideration and analysis, and 
is reinforced with excerpts from, and references to the most important 
cost and other data in our leading technical publications — including 
hundreds of illustrations of up-to-date engineering structures and details. 

"How to design engineering structures economically** has received 
careful study in the preparation of this work. The fundamental prin- 
ciples laid down can be followed readily by every young engineer, and 
carried to practical completion in the finished structure. 

Most of the tables are new and have been prepared regardless of 
time and expense. Many of them have been arranged in a novel 
manner which will appeal especially to engineers ; and aU have been 
carefully checked and rechecked to eliminate the possibility of errors. 

Graphical methods have been illustrated freely throughout the work, 
in connection with analytical solutions. 

Methods and cost of work have received special attention; and, thus, there 
is crowded into the 1 ,400 pages of text, in small type and in pocketbook 
form, avast amount of engineering data, formulas and tables, that will be 
found absolutely indispensable to every engineer, contractor and student 
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